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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Htdrographic  Branch^ 
Washington,  D.  C,  February '27,  190J^. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"The  Water  Powers  of  Alabama,  with  an  Appendix  on  Stream  Meas- 
urements in  Mississippi,''  and  to  request  that  it  be  published  as  a 
water-supply  paper  of  the  Survey. 

Very  respectfully,  F.  H.  Newell, 

Hon.  Charles  D.  Walcott, 

Director  United  Stutes  Geological  Suruey. 

7 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington^  D.  C,  February  27^  190 J^ 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
""  The  Water  Powers  of  Alabama,  with  an  Appendix  on  Stream  Meas- 
urements in  Mississippi,"  and  to  request  that  it  be  published  as  a 
water-supph'  paper  of  the  Survey. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer . 
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WATER  POWERS  OF  ALABAMA 


By  Benjamin  M.  Haix. 


rNTRODUCTION. 

Prior  to  1896  no  systematic  investigation  had  ever  been  made  of  the 
water  supply  and  water  powers  of  Alabama.  In  1885  Prof.  Dwight 
Porter,  in  his  report  for  the  Tenth  Census  of  the  United  States, 
Volume  XVI,  upon  the  water  powers  of  the  eastern  Gulf  slope,  gave 
an  excellent  description  of  the  most  important  water-power  streams 
in  the  Mobile  drainage  basin,  with  such  estimates  of  power  as  were 
po**sible  from  a  reconnaissance  and  a  study  of  rainfall,  drainage  areas, 
and  the  navigation  surveys  made  by  the  United  States  Engineer  Corps. 

During  the  last  seven  vears  the  svstematic  stream  measurements  by 
the  United  States  Geological  Survey,  at  stations  maintained  by  the 
army  engineers,  the  VTeather  Bureau,  and  the  State  geological  survey, 
have  furnished  a  reliable  basis  for  water-power  estimates.  The  United 
States  Geological  Survey  has  also  made  measurements  of  many  smaller 
streams  in  order  to  compare  their  discharges  with  those  at  the  regular 
stations  and  to  ascertain  the  percentage  of  water  furnished  to  the  main 
rivers  by  different  tributaries.  It  has  also  run  levels  along  some  of 
the  streams  that  have  not  been  surveyed  by  the  army  engineers. 

In  19<)2  the  writer  prepared  for  Dr.  E.  A.  Smith,  State  geologist,  a 
report  embodying  all  data  obtainable  at  that  time.  This  was  published 
by  the  Alabama  geological  survey  as  Bulletin  No.  7.  This  paper  con- 
tains all  of  the  material  of  Bulletin  No.  7,  and  includes  also  the  results 
of  hydrographic  work  in  1902  and  1903.  It  gives  an  estimate  and 
fthort  description  of  the  water  powers  in  the  crystalline  and  Paleozoic 
regions,  and  is  intended  to  meet  the  demands  of  those  who  are  inter- 
ested in  water  powers  and  desire  to  have  in  one  volume  the  reooitis 
and  results  of  all  the  h3''drographic  investigations  from  1896  to  tiie 
present. 

Very  recently  two  large  water  powers  have  been  developed  on  Tal- 
laiKxwa  River;  one  of  these  is  at  Tallassee,  Ala.,  and  the  other  is  3 
miles  above  Tallassee. 
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Some  of  the  largest  undeveloped  powers  in  the  State  are  mentioned 
below: 

Power  site  No.  3,  on  Tallapoosa  River,  at  Double  Bridge  Ferry,  about 
10  miles  above  Tallassee,  where  a  dam  80  feet  high  is  proposed  by  the* 
Cherokee  Development  and  Manufacturing  Company. 

At  Black  and  Sanford  Shoal,  on  Big  Sandy  Creek,  near  Dadeville^ 
there  is  a  fall  of  80  feet. 

Thirty -one  locks  on  the  Coosa  River  are  capable  of  furnishing  from 
1,300  to  4,500  horsepower  each,  or  an  aggregate  of  100,000  horse- 
power during  the  low  season  of  an  ordinary  year  like  1900. 

Seven  power  sites  on  the  Cahaba  River  are  capable  of  furnishincr 
from  500  to  1,100  horsepower  each. 

The  following  shoals  are  on  Tennessee  River: 

Power  sites  on  Tennessee  River. 


Minimum  horoepower. 


Shoal. 


Elk  River . . 

Mussel 

Little  Mussel 
Colbert 


Fall. 

1 

Driest 
years.       ■ 

Feet. 

26 

15,600 

85 

51,000 

23 

13,800 

21 

12,600 

Average 
years. 


30,550 
99,  875 
27,  025 
24, 675 


These  and  other  powers  will  be  described  more  fully  in  the  body  of 
the  work. 

The  water  powers  of  Alabama  are  conveniently  located  for  running 
cotton  factories  and  other  manufacturing  plants,  and  also  for  gener- 
ating electricity  that  can  be  transmitted  to  cities  for  power,  light,  etc. 
The  larger  powers  are  all  close  to  water  transportation,  and  are  also 
on  important  i*ailroads.  These  adv^antages  natumlly  make  them  more 
valuable. 

GF.XERAIj  topographic  and  GBOTjOGIC  FP:ATi:RTi]S. 

The  five  principal  drainage  basins  of  the  State  are  as  follows: 

The  Apalachicola  basin,  dmining  to  the  Chattahoochee  and  Apala- 
chicola  River  and  entering  the  Gulf  at  Apalachicola,  Fla. 

The  Choctawhatchee  basin,  dmining  to  the  Gulf  through  Choc'taw- 
hatchee  Bay. 

The  Pensacola  basin,  draining  to  Pensacola  Bay  and  Perdido  Bay, 
near  Pensacola,  Fla. 

The  Mobile  basin,  including  the  waters  of  Tallapoosa,  Coosa,  Cahaba, 
Alabama,  Black  Warrior,  and  Tombigbee  rivers  and  draining  into 
the  Gulf  at  Mobile,  Ala. 
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The  Tennessee  basin,  draining  into  Tennessee  River  and  thence 
through  the  Mississippi  to  the  Gulf  at  New  Orleans. 

The  water  powers  of  the  State  are  mainly  in  the  Mobile  and  Ten- 
nessee basins,  which  practically  cover  the  entire  State,  except  a  small 
area  in  the  southeast  corner. 

Geologically  the  State  may  be  divided  into  three  areas,  which  ditfer 
verv  ffreatlv  from  one  another  in  the  hardness  and  durabilitv  of  their 
rocks  and  show  a  corresponding  difference  in  the  profiles  of  their 
streams:  Firet,  the  crystalline  area  underlain  by  igneous  and  meta- 
morphic  i-ocks;  second,  the  Paleozoic  area  of  hard  sedimentary  rocks, 
sandstone,  limestone,  and  shale;  and  third,  the  Coastal  Plain  formed  by 
Mesozoic  and  later  sediments,  chiefly  soft  limestones,  and  unconsoli- 
dated sands  and  clavs. 

It  may  be  said  in  a  general  way  that  the  streams  have  their  greatest 
falls  in  passing  from  an  older  to  a  younger  geologic  formation.  Tal- 
lassee  Falls,  on  the  Tallapoosa,  and  Wetumka  Falls,  on  the  Coosa,  are 
at  the  point  where  the  streams  flow  from  the  crystalline  to  the  Creta- 
ceous rocks.  The  falls  on  Talladega  Creek  and  other  small  streams 
entering  Coosa  River  from  the  southeast  in  Talladega,  Calhoun,  and 
Qebume  counties  are  at  the  contact  of  the  crystalline  and  the  Paleo- 
zoic. The  shoals  above  Centerville  on  the  Cahaba,  above  Tuscaloosa 
on  the  Black  Warrior,  and  near  Tuscumbia  on  Tennessee  River  are 
at  the  point  where  the  Paleozoic  adjoins  the  Cretaceous.  As  Coosa 
River  flows  from  the  Paleozoic  on  to  the  crystalline  near  Talladega 
Springs,  the  shoals  above  this  point  reverse  the  general  order  by  being 
made  in  passing  from  a  younger  to  an  older  formation. 

The  crystalline  area  in  Alabama  is  a  triangle  on  the  east  side  of  the 
State,  including  Cleburne,  Randolph,  Chambers,  Lee,  Tallapoosa,  Clay, 
Coosa,  and  parts  of  Elmore,  Chilton,  and  Talladega  counties.  The 
'*  fall  line  '^  dividing  the  crystalline  region  from  the  Cretaceous  and 
later  formations  of  the  Coastal  Plain  on  the  southwest  runs  from 
Columbus,  Ga.,  crossing  the  Tallapoosa  at  Tallassee  and  the  Coosa 
at  Wetumka.  The  northwestern  boundary  between  the  crystalline 
rocks  and  the  Paleozoic  formations  recrosses  the  Coosa  near  Marble 
Valley  post-ofBce  in  Coosa  County,  and  runs  in  a  northeasterly  direc- 
tion toward  Cedartown,  Gra.,  crossing  the  Alabama  line  near  Warner. 

The  crystalline  area  is  a  plateau  ranging  in  elevations  from  500  to 
2,000  feet  above  sea  level.  The  rivers  flow  over  bed  rock  in  a  succes- 
sion of  shoals  and  eddies  between  high  hills,  and  present  conditions 
most  favorable  to  the  development  of  water  powers  with  high  head. 

TTallapoosa  River  and  its  tributaries  drain  the  larger  part  of  the 
area.  On  Tallapoosa  River  there  is  a  fall  of  64  feet  utilized  as 
one  power  at  Tallassee,  and  also  a  40-foot  dam  about  3  miles  above 
Tallassee.     Similar  developments  are  contemplated  at  several  different 
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points  above.  The  falls  on  Coosa  River  from  Marble  Valley  to 
Wetunika,  236  feet  in  45  miles,  and  on  numerous  eastern  tributaries 
of  the  Coosa,  are  in  this  area;  as  are  also  the  western  tri>)utaries  of 
the  Chattahoochee  between  West  Point  and  Columbus,  Ga. 

The  Paleozoic  area  includes  the  greater  portion  of  northern  Ala- 
bama, being  bounded  on  the  southeast  by  the  crystalline  area,  and  on 
the  southwest  by  the  Cretaceous  and  later  formations  of  the  Coastal 
Plain.  The  line  of  division  between  the  Paleozoic  area  and  the  Coastal 
Plain  begins  near  Strasburg,  in  Chilton  County,  and  runs  northwest- 
erly through  Centerville,  Tuscaloosa,  and  Tuscumbia  to  a  point  on 
Tennessee  River  near  Waterloo.  The  Paleozoic  area  is  somewhat 
higher  than  the  Coastal  Plain,  and  slightly  lower  than  the  crystalline 
area.  Its  rivers  have  considerable  fall,  as  is  shown  by  the  following 
figures: 

Coosa  River  from  Greensport  to  Marble  Vallej'^  falls  132  feet  in  97 
miles. 

Cahaba  River  above  Centerville  has  a  fall  of  120  feet  in  21. miles. 

Black  Warrior  River  above  Tuscaloosa  has  a  fall  of  100  feet  in  30 
miles. 

Tennessee  River  above  Waterloo  has  a  fall  of  155  feet  in  41  miles, 
85  feet  of  which  is  in  a  distance  of  only  14  miles. 

There  are  many  important  creeks  and  man}^  large  limestone  springs 
in  this  region  on  which  no  measurements  have  yet  been  made.  The 
area  is  rich  in  coal  and  iron,  the  most  productive  mines  being  in  the 
drainage  basins  of  Cahaba  and  Black  Warrior  rivers. 

The  Coastal  Plain  is  a  large  area  in  southern  and  western  Alabama, 
covering  about  two-thirds  of  the  State,  and  is  underlain  by  Cretaceous 
and  younger  formations.  In  the  upper  portion  of  this  area  the 
streams  are  not  sluggish.  Alabama  River  is  navigable  in  the  whole 
region,  but  the  Cahaba  falls  120  feet  in  a  distance  of  87  miles  from 
Centerville  to  the  mouth  of  the  river;  and  the  Black  Warrior  falls  59 
feet  in  132  miles  from  Tuscaloosa  down  to  Demopolis. 

There  are  many  streams  in  this  area  that  have  a  constant  water 
supply  and  sufficient  fall  for  the  development  of  good  water  powers. 
One  of  these  is  Pea  River,  in  the  southeastern  part  of  the  State,  where 
a  dam  is  now  being  constructed  to  give  a  power  head  of  20  feet.  No 
hydrographic  work  has  yet  been  done  on  the  streams  of  southern 
Alabama  that  rise  in  the  Coastal  Plain,  but  systematic  work  is  to  be 
taken  up  in  this  region  at  an  early  date. 

As  the  investigations  in  this  State  have  been  confined  so  far  mainly 
to  the  Mobile  and  Tennessee  basins,  only  the  streams  of  these  basins 
will  be  considered.  It  is  to  be  remembered  that  from  West  Point,  Ga. , 
southward  the  boundary  between  Georgia  and  Alabama  is  on  the 
west  bank  of  Chattahoochee  River,  along  the  line  where  ordinaiy 
vegetation  ceases  to  grow.     This  leaves  all  of  the  water  power  of  the 
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main  stream  in  Georgia.  There  are  many  creeks  flowing  into  the  river 
from  Alabama,  some  of  which  have  considerable  fall,  as  they  come 
from  a  high  plateau.  Holland  Creek,  opposite  Columbus,  Ga.,  fur- 
nishes the  Columbus  water  supply  by  gravity,  having  a  fall  of  117  feet 
in  less  than  4  miles.     No  doubt  manv  of  the  others  have  as  much  fall, 

•r  7 

but  as  they  have  not  been  examined,  a  i*eport  on  them  can  not  be  made 
at  present.  However,  a  recent  reconnaissance  along  the  Chattahoochee 
gives  the  following  estimate  of  power  obtained  from  some  of  them  for 
twelve  hours  each  dav. 

Powen  cm  tribiUaries  of  ChaUahoochee  River ,  per  fool  of  fall. 

Honepower. 

Big  Uchee  Creek,  Ruseell  Comity 7 

Ihagee  Creek,  KnaBell  County 2 

Hatchechnbbee  Creek,  Rufisell  County 7 

Cowikee  Creek,  Barbour  County 11 

Yattayabba  Creek,  Henry  County 9 

OmuflBee  Creek,  Henry  County .- 7 

FIEIiD  WORK. 

Aside  from  certain  surveys  made  to  obtain  maps  and  profiles  of 
Tallapoosa  Kiver  and  Big  Sandy  Creek,  the  work  done  by  the  United 
States  Geological  Survey  in  this  State  deals  exclusively  with  the 
amount  of  water  flowing  in  the  streams,  and  is  intended  to  give  a  safe 
basis  for  calculation  of  low- water  volumes  at  all  seasons  of  the  year, 
and  for  several  consecutive  years,  in  order  to  arrive  at  the  value  of 
the  streams  for  water  power,  irrigation,  municipal  supply,  mining, 
navigation,  etc.  In  order  to  do  this  certain  convenient  stations  have 
been  established  on  important  rivers.  At  each  of  these  stations  a  gage 
rod  is  set  to  show  the  fluctuations  of  the  streams;  and  a  gage  reader  is 
employed  to  observe  the  height  of  the  water  every  morning  at  the 
same  hour,  and  to  make  a  weekly  report  of  the  same.  As  far  as 
possible  the  river  stations  of  the  United  States  Weather  Bureau  and 
the  United  States  Engineer  Corps  have  been  utilized  for  this  purpose. 
From  time  to  time  the  hydrographer  or  one  of  his  field  assistants 
visits  the  station  and  makes  an  accurate  meter  measurement  of  the 
stream,  noting  the  height  of  the  water  on  the  gage  at  the  time  the 
measurement  is  made.  After  a  number  of  such  discharge  measure- 
ments have  been  made  at  different  gage  heights,  a  rating  table  is  made 
from  the  data  thus  obtained.  This  table  gives  the  amount  of  water 
flowing  in  the  stream,  at  that  station,  for  any  gage  height  shown  on 
the  rod.  Thus,  by  inspection  of  the  table  of  daily  gage  heights,  the 
flow  of  the  stream  is  shown  for  every  day  in  the  year,  or  years, 
covered  by  the  observation  of  gage  height.  At  seasons  of  uniform 
low  water,  when  the  daily  fluctuations  of  the  rod  are  very  slight  for 
weeks  at  a  time,  discharge  measurements  arc  made  of  the  stream  at 
many  points  above  and  below  the  gage  station  in  order  to  establish 
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a  relation  between  the  discharge  at  these  points  and  at  the  station.  In 
like  manner  the  principal  tributaries  are  measured  for  the  same  pur- 
pose, where  it  is  practicable  to  do  so.  In  this  way  it  is  possible  to 
arrive  at  a  close  estimate  of  the  flow  of  all  the  streams  of  the  water- 
shed, and  to  make  a  rating  table  for  each  that  will  represent  its  flow 
under  avei*age  conditions,  not  including  the  floods  caused  by  local 
rains.  Such  tributaries  as  have  not  been  measured  can  be  estimated 
by  watershed  comparison  with  similar  tributaries  that  have  been 
measured. 

The  actual  gage  heights  and  discharge  measurements  are  published 
in  order  to  show  the  data  upon  which  the  conclusions  are  based.  The 
regular  gaging  stations  are  as  follows: 

Gaging  atations. 


Station. 


stream. 


Milstead 

Stiirdevant  .. 

Dadeville 

Alexander . . 
Nottingham 

Riverside 

Cordova 

Montgomery 


Selma 

Tuscaloosa 

Epes 

liome,  (ia 

Chattanooga,  Tenn 

Palos 


Centerville 

Jenifer 

Columbus,  Miss 


Tallapoosa  River . . . . 

do 

Big  Sandy  Creek 

Hi  llabee  Creek 

Talladega  Creek 

Coosa  River 

Black  Warrior  River 
Alabama  River 

do 


Black  Warrior  River 
Tombigbee  River  . . . 

Coosa  River 

Tennessee  River 


Observer. 


Locust  Fork  of  Black  War- 
rior River. 

Cahaba  River 

Choccolocco  Creek 

Tombigbee  River 


Seth  Johnson. 

B.  F.  Neighbors. 

T.  H.  Finch. 

J.  H.  Chisolm. 

R.  M.  McClatchy. 

J.  W.  Foster. 

A.  B.  Jx>gan. 

United  States  Weather  Bu- 
reau. 

Do. 

W.  S.  Wyman,  jr. 

J.  C.  Horton. 

W.  M.  Towers.  . 

United  States  Weather  Bu- 
reau. 

United   States    Engineer 
Corps. 

Clyde  Lowrey. 

W.  J.  Tolbert, 

J.  J.  Richards. 


EXPIiANATIOX  OF  TABIjES. 


GAGE  HEIGHTS. 


The  "  Table  of  gage  heights"  is  a  record  of  the  height  of  water  on 
a  gage  rod,  graded  to  feet  and  hundredths  of  a  foot,  set  into  the  river 
vertically,  and  fastened  permanently  to  a  convenient  tree  or  pier. 
The  rod  is  read  every  day  in  the  year,  at  the  same  time  of  day,  which 
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i^  about  J^  o'clock  in  the  morning.  Inches  are  not  used  in  these 
HTords,  as  the  daily  height  of  water  on  the  gage  is  written  in  feet  and 
decimals  of  a  foot. 

DISCHARGE  MEASUREMENTS. 

These  records  show  the  date,  the  gage  height  at  time  of  measure- 
ment, and  the  amount  of  water  in  cubic  feet  per  second,  or  "sebond- 
feet,"  flowing  in  the  river.  A  small  stream  tilling  a  rectangular  flume 
1  foot  wide  and  1  foot  deep  has  a  stream  whose  sectional  area  is 
1  .square  foot.  The  volume  of  this  stream  will  vary  in  proportion  to 
the  .speed  with  which  the  water  flows  through  the  flume.  If  the  water 
is  moving  at  a  velocity  of  1  foot  per  second,  the  flow  or  volume  of 
water  is  1  cubic  foot  per  second,  or  1  second-foot,  and  would  fill  a 
vpNsel  5  feet  wide,  5  feet  long,  and  4  feet  deep  in  just  100  seconds,  as 
-uch  a  vessel  would  hold  100  cubic  feet  of  water.  If  the  water  in  the 
flume  1  foot  wide  and  1  foot  deep  flows  with  a  velocity  of  2  feet  per 
second,  the  volume  will  be  2  cubic  feet  per  second,  or  2  second-feet, 
and  so  on  for  any  other  velocity.  In  the  same  way  if  the  flume  is  20 
feet  wide,  and  5  feet  deep,  its  sectional  area  will  be  100  square  feet, 
and  if  the  average  velocity  is  3  feet  per  second,  the  volume  will  l>e  300 
ciihio  feet  per  second,  or  300  second-feet.  In  each  of  the  discharge 
measurements  here  enumerated,  a  cross  section  of  the  stream  is  meas- 
ured, and  velocities  taken  with  an  electric  current  meter  at  many  points 
of  the  cross  section.  Instead  of  multiplying  the  entire  cross  section 
by  an  avei-age  velocity,  the  area  is  divided  up  into  a  large  number  of 
small  sections  by  soundings  from  5  to  10  feet  apart,  and  the  area  of 
each  of  the  small  sections  multiplied  by  the  velocity  at  the  small  sec- 
tion, thus  giving  the  second-feet  flowing  in  each  small  section.  The 
sum  of  t(^d  discharges  of  all  the  small  sections  makes  the  total  dis- 
charge of  the  stream. 

RATING  TABLE. 

This  is  a  table  showing  the  discharges  in  second-feet  (cubic  feet  per 
second)  for  all  stages  of  water  on  the  gage.  Hence,  when  the  gage 
ht^ights  are  known,  the  corresponding  discharges  can  be  taken  from 
the  rating  table  and  written  opposite  each  daily  gage  height,  thus 
^'iving  the  flow  in  second-feet  on  each  day  in  the  entire  year. 

ESTIMATED  MONTHLY  DISCHARGE. 

This  table  gives  in  the  first  three  columns  the  maxinmm,  minimum, 
and  mean  discharge  for  each  month  in  second-feet. 

Columns  4  and  5  give  the  '^run-oflf"  from  the  drainage  area.  The 
run-off,  like  rainfall,  is  given  in  inches.  For  instance,  a  run-off  of 
'2.23  inches  from  a  given  drainage  area  means  that  enough  water  ran 
off  to  have  covered  the  entire  drainage  area  or  watershed  to  a  depth 
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of  2.23  inches.  This  isjconvenient  in  estimating  the  proportion  of  the 
rainfall  that  can  be  stored  for  irrigation,  city  water  supply,  or  other 
purposes.  The  run -off  in  second-feet  per  square  mile  of  drainage  area 
is  obtained  by  dividing  the  mean  discharge  b}^  the  number  of  square 
miles  in  the  drainage  area,  and  is  useful  in  estimating  the  mean  dis- 
charge of  a  tributary  whose  drainage  area  is  known,  and  in  comparing 
different  drainage  areas.  The  ''  run-off"  is  not  a  fixed  percentage  of 
the  rainfall,  but  is  that  part  of  the  rainfall  which  is  not  lost  by  evapo- 
ration into  the  air  or  by  percolation  into  subterranean  outlets.  Being 
a  remainder  and  not  a  percentage,  it  necessarily  forms  a  much  larger 
proportion  of  a  heavy  annual  rainfall  than  it  does  of  a  small  annual 
rainfall.  For  instance,  in  the  crystalline  region  of  Georgia  or  Ala- 
bama, where  the  annual  precipitation  is  45  to  55  inches,  the  run-off  is 
equal  to  fully  one-half  of  the  rainfall,  while  in  regions  having  an 
annual  precipitation  of  only  10  to  20  inches  annually  the  run-off  is 
frequently  less  than  one-fifth  of  the  rainfall.  Again,  the  geologic 
character  of  the  watershed  makes  a  vast  difference  in  the  run-off,  even 
where  the  annual  rainfall  is  the  same  and  where  practically  the  same 
conditions  of  climate,  topography,  forest  area,  and  cultivation  exist. 
There  will  be  a  smaller  run-off  from  the  watershed  where  the  rocks 
are  permeable  and  a  part  of  the  rain  water  sinks  into  the  ground  and 
furnishes  the  supply  to  artesian  wells  in  the  lower  country  under  which 
the  same  strata  run.  In  a  comparison  of  two  such  watersheds,  one  in 
the  crystalline  region  and  the  other  in  a  regularly  stratified  formation, 
the  difference  of  run-off  should  form  a  basis  for  estimating  the  artesian 
supply  obtainable  from  the  latter  as  a  fountain  head. 

HORSEPOWER. 

The  data  for  the  table  headed  "Net  horsepower  per  foot  of  fall,  with 
a  turbine  efficiency  of  80  per  cent  for  the  minimum  monthly  discharge 
of  Tallapoosa  River  at  Milstead,  Ala.^"  were  obtained  as  follows: 

The  theoretical  horsepower  available  at  any  point  on  a  stream  is  the 
product  of  the  fall  by  the  weight  of  water  falling  in  a  given  time. 

It  may  be  found  b}'  the  formula  H.  P.  = f^q ,  where  Q  is  dis- 
charge in  second-feet  and  h  is  fall  in  feet.  To  find  the  net  horsepower 
developed  by  the  water  wheel  the  theoretical  horsepower  has  to  be 
reduced  by  a  coefficient  dependent  upon  the  efficiency  of  the  wheel. 
In  the  table  this  efficiency  is  assumed  to  be  80  per  cent,  and  we  have 

.xTT^      o..                    Qhx62.5 
net  H.  F.  =80  per  centX jt/: — • 

Thus  in  the  table  for  Tallapoosa  River,  pages  23-24,  for  June,  1899, 
the  mean  monthly  discharge  was  1,287  second-feet,  so  that  for  a  fall  of 

1  foot  the  minimum  net  H.  p.^l^M^^i^^^X  80  per  cent=ll7. 
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To  find  the  niiiiimum  net  horsepower  available  at  a  shoal  on  any 
stream,  multiply  the  total  fall  of  the  shoal  by  the  ^^net  horsepower  per 
foot  of  faU." 

TAIiliAPOOSA  BI\T:R  AND  TRIBUTARIES. 
TALLAPOOSA  RIVER  AT  MIL8TEAD. 

Tallapoosa  River  rises  in  west-central  Georgia  and  flows  southwest- 
erly into  Alabama.  Six  miles  above  Montgomery  it  joins  the  Coosa  to 
form  Alabama  River.  Its  upper  tributaries  drain  an  area  between 
the  Cbattahoot^hee  and  Coosa  basins.  At  Tallassee,  Ala.,  it  crosses 
the  southern  fall  line.  The  shoals  at  this  place  have  a  fall  of  60  feet, 
forming  an  obstruction  to  navigation.  The  drainage  area  is  largely 
wooded,  with  cultivated  fields  at  short  intervals. 

A  gaging  station  was  established  on  August  7,  1897,  at  the  bridge 
of  the  Tallassee  and  Montgomery  Railway,  about  one-fourth  of  a  mile 
from  Milstead,  Ala.  The  bridge  is  of  iron,  two  spans  of  about  155 
feet  each,  with  short  wooden  trestles  at  each  end.  The  initial  point 
of  measurement  is  the  end  of  the  iron  bridge,  on  the  left  bank,  down- 
stream side.  The  rod  of  the  wire  gage  is  fastened  to  the  outside  of 
the  guard  rail  on  the  downstream  side  of  the  bridge.  The  bench  mark 
is  the  top  of  the  second  crossbeam  from  the  left  bank  pier  at  the  down- 
stream end,  and  is  60  feet  above  datum.  The  channel  is  straight  at 
the  bridge  and  bends  above  and  below.  The  current  is  sluggish  at 
low  water  and  obstructed  by  the  center  pier  of  the  bridge.  The  banks 
are  high,  but  overflow  at  extreme  high  water  for  several  hundred  feet 
on  each  side.  The  bed  is  fairly  constant,  and  all  the  water  is  confined 
to  the  main  channel  by  railroad  embankments. 

Milstead  station  has  been  discontinued  on  account  of  the  large  dams 
of  the  Tallassee  Manufacturing  Company  and  the  Montgomery  Power 
Company  a  short  distance  above.  When  these  dams  are  storing  water 
the  flow  is  almost  entirely  cut  oflf  at  Milstead  and  makes  the  record 
show  a  deficiency  of  water  that  does  not  exist.  The  dams  were  com- 
pleted early  in  1902,  and  as  the  estimated  minimum  flow  for  that  year 
is  a  great  deal  less  than  at  Sturdivant,  39  miles  above,  it  is  thought 
best  not  to  publish  the  Milstead  records  for  1902  and  1903  and  to  dis- 
continue the  station.  Sturdivant  station  is  above  both  dams  and  gives 
the  correct  flow  at  that  point. 

IBB  107—04 2 
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The  following  discharge  measurements  were  made  by  M.  B.  Hall, 
James  B.  Hall,  and  others: 

Discharge  mecusuremerUs  of  Tallapooaa  River  at  Milstead. 


Date. 


1897. 
May  3 

July  15 

August  7 

September  4. 
November  23 
December  16 

1898. 
January  19.. 
February  19. 
March  18  . . . 
April  26  .... 

May  17 

June  22 

July  7 

August  5 

September  3 
November  29 


Gaffe 
hei^t. 

Feet 

6.20 

1.95 

2.42 

1.60 

1.20 

3.58 

2.13 

2.20 

2.56 

5.83 

1.55 

3.05 

1.62 

13.67 

2.76 

5.16 

Dischaige. 


Second-feet. 

7,333 
1,692 
2,292 
1,271 
677 
4,210 

1,889 
2,045 
2,646 
6,648 
1,059 
3,421 
1,262 
15,295 
3,010 
5,477 


1899. 
April  17  .... 
April  18  ... . 

May  17 

June  26 

September  9. 
November  8. 
December  18 

1900. 
February  23. 

March  5 

December  3 . 


1901. 
February  12. 
March  13  . . . 
October  29 . . 


Feet. 

6.34 
5.63 
2.80 
2.05 
1.36 
1.25 
2.66 

9.20 
6.70 
2.95 

10.70 
5.55 
1.70 


Discharge. 


Second-feet. 
7,444 
6,853 
3,000 
1,847 
1,016 
972 
2,844 

9,956 
7,088 
3,031 

11, 759 
5,644 
1,583 


Daily  gage 

height 

,  in  feet,  of  Tallapoosa  River  at  MiUtead, 

Day. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

0.80 
.80 
.80 
^.70 
.70 
.70 
.70 
.60 
.70 
.70 
.70 
.70 
.70 
.80 
.80 
.80 
.80 
.90 
.90 
.90 
.80 
.80 
.90 
.90 
.80 
.90 
.90 
.90 
.90 
.90 
.90 

Nov. 

0.90 
1.00 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.80 
1.80 
1.80 
1.80 
1.20 
1.20 
1.20 
1.20 
1.20 
1.10 
1.20 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.60 
1.60 
1.60 

Dec. 

1897. 
1 

- 

1.70 
1.80 
1.60 
1.60 
1.60 
1.40 
1.40 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.40 
1.20 
1.10 
1.00 
1.10 
1.10 
1.10 

1.50 

2 

1 

1.50 

3 

:!:'.!.":t"::'"' 

3.50 

4 

1 

I  60 

6 

1.80 

6 

; 

2.00 

7 

2.45 
1.90 
1.70 
1.50 
1.50 
2.70 
2.20 
2.00 
1.80 
1.60 
1.90 
2.20 
2.80 
9.70 
7.40 

2.  10 

8 

2.00 

9 

1 

■•••'.■.....'.>...■•  ....... 

1.90 

10 

1           1 

1.90 

11 

.           1 

1.90 

12 

1 

2.00 

13 

1 

1.90 

14 

1 

I 

5.60 

15 

' 

4.70 

16 

: 

3.60 

17 

2.W 

18 

2.40 

19 

2.10 

20 

2.00 

21 



1.90 

22 

8.50  ,    1.00 
5.30      I  nn 

2.00 

23 

'  V 

2.40 

24 

1 

8.40 
2.90 
2.80 
2.30 
2.00 
1.80 
1.70 
1.70 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.80 

2.40 

25 

1 

2.40 

26 

2.80 

27 

2.60 

28 

2.50 

29 

«.«**■• 

2.80 

80 

....... 

2.20 

81 

•...«••    

2.40 

. 
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Daily  gage  height^  in/eei^  of  Tallapoosa  River  at  Milttead— Continued, 


June. 


July. 


1.60 
1.80 
1.20 
1.10 
1.20 
1.80 
1.70 
2.90 
4.90 
8.60 
4.40 
2.00 
1.70 
2.70 
3.50 
6.10 
2.40 
2.80 
3.05 
2.30 
1.90 
1.60 
1.60 
1.50 
1.50 
2.60 
2.60 
4.10 
2.80 
2.90 
3.80 


Aug.  '  Sept. 


Oct 


2.80 
2.30 
1.90 
1.80 
1.60 
1.50 
1.50 
2.00 
2.20 
2.00 
1.80 
1.70 
1.50 
1.40 
1.80 
1.80 
1.20 
1.10 
1.60 
1.40 
8.40 
16.75 
14.00 
16.95 
7.90 
6.70 
6.80 
8  40 
10.10 
5.40 
4.40 


3.60 

2.90 

2.80 

11.50 

14.00 

8.90 

10.10 

8.50 

7.90 

6.30 

17.30 

22.60 

10.10 

7.70 

6.10 

4.20 

3.40 

2.80 

2.60 

2.80 

2.50 

2.80 

2.20 

2.00 

2.10 

8.10 

10.20 

8.40 

7.00 

5.20 

6.10 


4.80 
8.20 
2,70 
2.70 
4.00 
4.  to 
6.00 
5.60 
4.50 
3.50 
2.90 
2.60 
2.50 
2.40 
2.20 
2.00 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.50 
1.60 
1.80 
2.00 
1.80 
1.60 
1.50 
1.50 


8.00 

2.40 

2.70 

2.80 

8.10 

2.10 

3.10 

2.00 

2.50 

1.80 

2.80 

1.60 

2.20 

1.60 

2.00 

1.40 

1.80 

1.40 

1.60 

1.80 

1.50 

1.20 

1.70 

1.20 

1.60 

1.20 

1.60 

1.10 

1.50 

1.00 

4.00 

1.00 

3.90 

1.00 

2.20 

1.00 

1.90 

1.10 

1.70 

'1. 00 

1.50 

.90 

1.60 

1.00 

2.00 

1.00 

2.60 

.90 

1.90 

.90 

1.80 

.90 

3.70 

.90 

2.80 

.80 

2.10 

.80 

1.90 

.80 

2.30 

•••••• 

1.80 
1.80 
1.40 
16.00 
32.00 
28.50 
16.40 
22.80 
14.00 
7.90 
6.90 
4.90 
8.80 
8.40 
3.00 
2.70 
2.60 
4.40 
6.00 
4.40 
8.70 
8.30 
8.10 
2.70 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.80 


Nov. 

Dec. 

2.80 

4.90 

2.20 

4.40 

2.20 

7.70 

2.10 

10.00 

2.10 

8.60 

2.20 

6.80 

2.70 

5.60 

4.20 

4.80 

2.80 

4.60 

8.00 

6.70 

7.10 

5.10 

5.00 

6.90 

6.50 

6.40 

6.20 

«.10 

14.40 

12.20 

10.00 

8.00 


6.10 
5.50 
5.00 
4.40 
4.00 
8.80 
3.60 
3.40 
4.30 


60 
00 
20 


10.00 

4.40 

8.80 

6.40 

7.90 

6.00 

5.30 

4.60 

4.60 

4.20 

4.10 

3.90 

4.90 

3.80 

6.40 

8.70 

4.00 

.70 

1.50 

.70 

1.40 

.80 

1.40 

.90 

1.30 

1.00 

1.30 

1.40 

1.20 

1.40 

1.20 

1.30 

1.20 

1.30 

1.20 

1.30 

1.20 

1.40 

1.30 

1.40 

1.30 

1.30 

1.30 

1.80 

1.30 

1.20 

1.30 

1.10 

1.30 

1.20 

1.60 

1.10 

1.50 

1.20 

1.50 

1.30 

1.50 

1.40 

1.40 

1.50 

1.40 

1.60 

1.60 

1.80 

1.80 

1.50 

2.20 

1.40 

4.60 

1.30 

6.20 

1.20 

4.80 

1.60 

8.60 

1  50 

2.80 

1.60 



2. 
2. 
2. 
2. 
2. 


40 
50 
60 
60 
90 
2.20 
2.00 
1.90 
1.80 
1.90 
2.00 
15. 20 
13.20 
8.20 
5.00 
3.70 
3.00 
2.60 
2.50 
2.70 
2.70 
2.70 
2.60 
9.:« 
9.40 
7.20 
5.00 
4.00 
3.  .TO 
3.10 
2.90 
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WATEB   POWERS   OF    ALABAMA. 


[NO.  107. 


Daily  gage  height,  in  feet,  of  Tallapoosa  River  at  Milstead — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1900. 
1 

2.70 
2.60 
2.40 
2.80 
2.80 
2.80 
2.20 
2.20 
2.20 
2.20 
2.60 
7.80 
6.00 
4.50 
4.00 
8.40 
8.00 
2.90 
8.70 
9.60 
7.60 
5.90 
4.60 
8.90 
8.50 
8.10 
8.00 
2.80 
2.70 
2.60 
2.50 

2.50 

2.40 

2.80 

4.60 

4.20 

4.80 

4.40 

3.80 

5.20 

8.90 

19.00 

80.00 

4.3.25 

42.00 

81.90 

22.80 

18.60 

8.90 

7.00 

6.10 

6.50 

9.80 

9.60 

8.90 

8.40 

8.00 

7.00 

6.00 

18.20 

18.10 

10.70 

8.00 

6.80 

6.10 

5.60 

10.90 

13.80 

12.70 

10.00 

7.90 

6.60 

5.90 

5.40 

7.00 

7.20 

5.60 

5.40 

6.00 

11.40 

10.60 

7.60 

15.60 

15.20 

16.00 

18.70 

11.20 

8.70 

7.10 

6.20 

5.50 

5.80 

5.00 

5.80 

4.80 

4.70 

4.60 

4.60 

4.50 

4.60 

5.60 

10.60 

11.50 

9.00 

6.60 

5.80 

4.70 

18.90 

17.00 

15.00 

16.90 

18.80 

10.80 

13.20 

12.50 

9.40 

7.60 

6.40 

6.20 

6.10 

6.80 
5.90 
5.40 
4.90 
4.70 
8.90 
8.80 
8.70 
8.60 
3.60 
3.80 
3.20 
3.10 
3.00 
2.90 
2.90 
2.80 
2.80 
2.80 
2.90 
2.80 
8.00 
8.10 
8.40 
8.50 
5.00 
4.50 
8.20 
2.70 
8.00 
2.50 

2.60 
2.70 
3.00 
3.50 
8.80 
8.50 
8.80 
6.90 
9.70 
6.90 
5.60 
4.60 
5.30 
4.00 
3.80 
3.60 
4.50 
5.90 
5.00 
5.90 
5.90 
5.50 
5.40 
20.00 
25.04 
20.00 
16.00 
18.00 
18.80 
9.00 

9.00 
9.10 

10.60 
7.10 
8.00 
5.20 
4.40 
4.00 
8.50 
7.60 
5.50 
4.10 
4.70 
6.70 
6.00 
5.10 
8.80 
8.80 
3.60 
8.10 
8.00 
2.80 
2.70 
2.60 
2.50 
2.50 
2.80 
2.90 
3.20 
8.10 

10.60 

6.50 
4.60 
3.50 
2.80 
2.70 
2,50 
2.80 
2.20 
2.10 
2.00 
1.90 
1.90 
1.80 
1.90 
2.20 
2.70 
3.10 
2.50 
4.00 
4.20 
2.50 
2.20 
2.00 
2.30 
3.80 
8.40 
8.60 
2.70 
2.60 
2.10 
3.20 

2.70 
8.00 
8.10 
4.40 
8.00 
2.40 
2.20 
2.00 
1.80 
1.70 
1.70 
1.60 
1.50 
1.50 
14.00 
25.60 
18.00 
11.00 
5.30 
3.60 
8.00 
2.50 
2.30 
2.20 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 

1.80 
1.60 
1.50 
1.80 
3.30 
6.40 
8.40 
3.20 
2.60 
2.60 
8.00 
2.80 
8.40 
8.80 
8.30 
2.70 
2.70 
2.20 
2.10 
2.00 
1.90 
2.00 
4.80 
12.10 
10.60 
9.00 
6.00 
4.20 
2.20 
2.90 
2.70 

2.50 
3.80 
6.10 
6.60 
7.10 
5.50 
4.10 
8.60 
8.00 
2.90 
2.70 
2.60 
2.60 
2.50 
2.50 
2.60 
2.50 
2.60 
2.50 
2.50 
2.50 
4.00 
4.00 
3.90 
8.60 
10.50 
8.80 
6.70 
4.50 
8.70 

3.80 

2 

8.30 

8 

8.80 

4 

8.50 

5 

6 

8.90 
8.90 

7 

3.80 

8 

8.80 

9 

8.10 

10 

8.10 

11 

2.80 

12 

2.80 

18 

2,80 

14 

7.70 

15 

9.10 

16 

7.80 

17 

5.20 

18 

4.20 

19 

4.00 

20 

8.60 

21 

17.00 

22 

13.50 

28 

10.40 

24 

11.30 

26 

8.70 

26 

6.60 

27 

5.60 

28 

5.00 

29 

4.60 

80 

4.80 

81 

11.00 

1901. 
1 

14.80 

15.50 

14.50 

11.00 

9.80 

8.70 

7.40 

6.10 

6.80 

5.00 

6.00 

24.20 

80.60 

22.00 

18.00 

11.50 

12.20 

12.10 

9.70 

8.00 

7.10 

6.80 

6.40 

6.20 

7.00 

6.80 

6.70 

6.70 

6.60 

6.80 

7.00 

7.40 

7.20 

7.50 

24.07 

26.00 

18.80 

12.60 

10.50 

18.10 

14.00 

12.60 

10.90 

9.80 

8.20 

7.70 

6.90 

6.60 

6.50 

6.80 

6.20 

5.90 

5.80 

5.70 

6.00 

6.10 

6.10 

6.00 

5.60 

5.80 
5.20 
5.10 
5.00 
4.90 
4.70 
4.60 
4.40 
4.40 
4.70 
7.70 
6.00 
5.60 
6.00 
5.60 
5.10 
4.60 
4.10 
4.00 
6.00 
7.90 
6.80 
6.20 
10.10 
8.90 
10.20 
14.80 
17.50 
15.00 
9.90 
81.60 

26.00 

22.00 

23.00 

18.00 

14.20 

10.80 

9.60 

7.20 

6.80 

6.20 

5.80 

5.60 

6.10 

8.80 

10.70 

8.70 

7.70 

11.00 

23.00 

22.00 

13.40 

10.70 

8.90 

7.60 

6.90 

6.50 

6.10 

5.80 

5.60 

5.20 

5.00 
4.80 
4.70 
4.60 
4.40 
4.80 
4.20 
4.20 
4.10 
3.90 
8.80 
3.80 
3.80 
4.50 
4.80 
4.00 
3.60 
3.60 
8.60 
5.60 
10.60 
16.20 
14.20 
12.00 
9.00 
10.  GO 
8.40 
6.40 
6.00 
5.10 
4.80 

8.70 
8.60 
9.70 
10.90 
8.00 
7.80 
12.10 
10.10 
6.30 
5.90 
4.50 
4.10 
4.20 
5.00 
7.30 
5.70 
6.00 
5.20 
4.40 
4.00 
8.60 
3.30 
3.80 
3.20 
9.10 
3.00 
2.90 
2.80 
2.60 
2.60 

5.10 
4.20 
4.30 
4.00 
3.30 
3.60 
4.00 
4.80 
4.70 
8.70 
2.90 
2.60 
2.60 
2.10 
2.20 
2.80 
5.80 
4.80 
4.30 
3.60 
3.30 
8.10 
2.80 
3.60 
2.40 
2.20 
2.60 
2.60 
2.30 
2.20 
2.20 

2.10 
2.20 
2.30 
2.20 
2.10 
2.10 
2.60 
2.60 
2.30 
2.30 
2.10 
2.30 
2.90 
2.  to 
2.10 
3.20 
8.90 
8.00 
6.60 
5.90 
9.60 
7.20 
20.76 
21.00 
9.40 
5.90 
4.20 
5.90 
8.70 
7.70 
4.70 

4.00 
8.60 
2.90 
2.70 
2.40 
2.20 
2.10 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
2.80 
4.20 
8.10 
3.00 
5.60 
9.10 
7.10 
5.00 
3.80 
2.70 
2.30 
2.10 
2.10 
2.00 
2.10 
2.30 
2.50 

2.20 
2.90 
6.10 
6.40 
5.10 
4.00 
8.20 
2.50 
2.10 
2.00 
1.90 
1.90 
1.90 
2.00 
2.10 
2.10 
2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.70 
1.70 
1.70 
1.70 
1.70 

1.70 
1.70 
1.70 
1.80 
1.95 
1.96 
2.00 
1.90 
1.90 
2.00 
1.90 
1.80 
1.80 
1.76 
1.76 
1.80 
1.80 
1.80 
1.90 
2.10 
2.20 
2.20 
2.80 
2.20 
2.20 
2.10 
2.80 
2.20 
2.10 
2.00 

2.00 

2 

2.00 

8 

1.96 

4 

2.20 

6 

2.40 

6 

7 

2.40 
2.80 

8 

2.20 

9 

2.20 

10 

2.20 

11 

2.30 

12 

2.60 

18 

2.40 

14 

2.60 

16 

6.00 

16 

13.40 

17 

9.00 

18 

6.00 

19 

8.90 

20 

3.60 

21 

8.40 

22 

3.20 

28 

8.10 

24 

8.10 

25 

3.00 

26 

2.90 

27 

2.95 

28 

8.05 

29 

38.00 

80 

47.00 

31 

39.00 

HALI.] 
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Bating  tabiefar  Tallapoomi  J^ver  at  MiitUadfor  1897. 


Oa«e 
he@it. 

ft 

hei^t 

Diflchaige. 

Oage 
height 

DlflchMge. 

Oage 
he^it. 

DlKhaife, 

PbcL 

F^BdL 

SeamdrfeeL 

Fta, 

Seamd'JeeL 

Act 
5.0 

Smmd/aet 

0.5 

0 

330 

1.6 

1,070 

3.0 

3,129 

5,909 

.6 

350 

1.6 

1,200 

3.2 

3,407 

5.2 

6,187 

.7 

380 

1.7 

1,333 

3.4 

3,685 

5.4 

6,465 

.8 

420 

1.8 

1,467 

3.6 

3,963 

5.6 

6,743 

.9 

470 

,      1.9 

1,600 

3.8 

4,241 

5.8 

7,021 

LO 

530 

2.0 

1,733 

4.0 

4,519 

6.0 

7,299 

1.1 

020 

'      2.2 

2,007 

4.2 

4,797 

'      7.0 

8,689 

1.2 

720 

2.4 

2,285 

4.4 

5,075 

8.0 

1 

10,079 

L3     1 

830 

2.6 

2,573 

4.6 

5,353 

9.0 

11,469 

1.4 

1 

d50 

2.8 

2,851 

4.8 

5,631 

lUU^  table  for  TaUapoo$a  River  at  MUsUadfar  1898, 


.    Gage 
hdSit. 

l>iKhaige. 

Gaire 
height. 

Diachftige. 

Oage 
he@it 

Diachuge. 

Oage 
'   height. 

Dlaeharge. 

1     M. 

SeeondrfeeL 

Feet. 

Seeondrfeet. 

JFM. 

Seeondrfeet. 

FeeL 

SeeomdJeeL 

0.8 

540 

2.0 

1,920 

4.0 

4,220 

1     10.0 

11,120 

.9 

1 

655 

2.1 

2,035 

4.5 

4,795 

10.5 

11,695 

1.0 

770 

2.2 

2,160 

5.0 

5,370 

11.0 

12,270 

1.1 

885 

2.3 

2,265 

5.5 

5,945 

11.5 

12,845 

1.2 

1,000 

2.4 

2,380 

6.0 

6,520 

12.0 

13,420 

'      1.3 

1,115 

2.5 

2,495 

6.5 

7,095 

12.6 

13,995 

1.4 

1,230 

2.6 

2,610 

7.0 

7,670 

13.0 

14, 670 

1.5 

1,345 

2.7 

2,725 

7.5 

8,246 

13.5 

15,146 

1.6 

1,460 

2.8 

2,840 

8.0 

8,820    ! 

14.0 

16,720 

1.7 

1,576 

2.9 

2,955 

8.5 

9,395 

14.6 

16,295 

1.8 

1,690 

3.0 

3,070 

9.0 

9,970 

16.0 

16, 870 

\      ''^ 

1,"^805 

3.5 

3,645 

» 

9.5 

10,646 
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Rating  table  for  Tallapoosa  River  at  Milsteadfor  1899. 


Oage 
height. 

Dischaige. 

Gage 
height 

Dischaigo. 

Gage 
heiiht. 

Discharge. 

Gage 
hei^t. 

Diacharge. 

F^ei. 

Secondrfeet. 

FeeL 

Second-feet. 

Feet. 

Seeond-feet. 

i%rt. 

Seconds/eel. 

0.7 

320 

4.0 

4,362 

12.5 

14,  817 

21.0 

25, 272, 

.8 

430 

4.5 

4,977 

13.0 

15, 432 

21.5 

25,887 

.9 

550 

5.0 

5,592 

13.5 

16,047 

22.0 

26,502 

1.0 

672 

5.5 

6,207 

14.0 

16,662 

22.5 

27, 117 

1.1 

795 

6.0 

6,822 

14.5 

17, 277 

23.0 

27, 732 

1.2 

918 

6.5 

7,437 

15.0 

17, 892 

23.5 

28,347 

1.3 

1,041 

7.0 

8,052 

15.5 

18,507 

24.0 

28,962 

1.4 

1,164 

7.5 

8,667 

16.0 

19, 122 

24.5 

29,577 

1.5 

1,287 

8.0 

9,282 

16.5 

19,  737 

25.0 

30,192 

1.6    ■ 

1,410 

8.5 

9,897 

17.0 

20,352 

25.5 

30,807 

1.7 

1,533 

9.0 

10, 512 

17.5 

20, 977 

26.0 

31, 422 

1.8 

1,656 

9.5 

11, 127 

18.0 

21, 582 

26.5 

32,037 

1.9 

1,779 

10.0 

11, 742 

18.5 

22, 179 

27.1 

32,652 

2.0 

1,902 

10.5 

12,357 

19.0 

22,812 

27.5 

33,287 

2.5 

2,517 

11.0 

12, 972 

19.5 

23, 427 

27.9 

33,779 

3.0 

3,132 

11.5 

13,587 

20.0 

24,042 

3.5 

3, 747 

12.0 

14,202 

20.5 

24,657 

1 

t 

Rating  table  for  Tallapoosa  River  at  Milsteadfor  1900  and  1901, 


Gage 
height. 


FeeL 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 


Discharge. 


Seamd'Seei. 
1,337 
1,450 
1,562 
1,675 
1,787 
1,900 
2,012 
2,125 
2,237 
2,350 
2,462 
2,575 
2,687 
2,800 
2,912 
3,025 
3,137 
3, 250 
3,362 
3, 475 


Gage 
height. 


FeeL 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.5 
6.0 
6.5 
7.0 


Dlschaige. 


Secondrfeet. 
3,587 
3,700 
3,812 
3,925 
4,037 
4,150 
3,262 
4,375 
4,487 
4,600 
4,712 
4,825 
4,937 
5,050 
5,162 
5,275 
5,837 
6,400 
6,962 
7,525 


Gage 
height. 


Feet. 
7.5 
8.0 
8.5 
9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 


Discharge. 


Second-feet. 
8,087 
8,650 
9,212 
9,775 
10,900 
12,025 
13, 150 
14, 275 
15,400 
16, 525 
17,650 
18, 775 
19,900 
21,025 
22,150 
23, 275 
24,400 
25,525 
26,650 
27, 775 


Gage 
height. 


Feet. 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0 
41.0 
42.0 
43.0 


Dischai^c. 


Second-feet. 
28,900 
30,025 
31,150 
32, 275 
33,400 
34,525 
35,650 
36,  775 
37,900 
39, 025 
41,150 
41, 275 
42,400 
43,525 
44,650 
45,775 
46,900 
48,025 
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EiUnuUed  monthly  diKharge  of  TaUapoom  River  at  MUtUad, 

[Dr&inase  area,  3,840  square  mjles.] 


Month. 


1897. 


August  7-31 
September . , 

October 

November . . 
December  .. 


DiBchaise  in  second-feet. 


Maximum. 


12,440 

1,467 

470 

1,200 

6,604 


1898. 


January ... 
February . . 

March 

April 

May 

June , 

Jnly 

August 

September 
October. . . 
November 
December  , 


4,105 

2,265 

5,715 

21,240 

2,610 

3,070 

5,485 

25,610 

6,520 

36,420 

16,180 

11,120 


The  year i      36,420 


1899. 


January... 
Febrnary., 

March 

-\pril , 

May 

June 

July 

August 

September 
<^)ctober... 
November 
December  . 


22,197 

44,952 

32,652 

21,582 

4,731 

2,999 

20,290 

4,362 

2,394 

1,656 

7,068 

18,138 


Minimum. 


The  year i      44,952 


1,070 
420 
380 
470 

1,070 


1,575 

1,690 

1,575 

2,150 

885 

540 

885 

1,920 

1,345 

1,115 

2,035 

3,530 


540 


4,116 

6,945 

7,314 

5,100 

2,517 

1,287 

795 

1,287 

430 

320 

918 

1,656 


320 


Mean. 


3,173 
742 
424 
729 

2,214 


2,426 
1,912 
2,313 
6,748 
1,493 
1,314 
2,493 
7,418 
2,637 
7,280 
6,049 
5,741 


3,902 


8,417 

15,688 

12,399 

9,016 

3,351 

2,040 

4,985 

2,222 

984 

1,014 

1,787 

4,728 


Ron-off. 


Second-feet 
perMuare 


5,553 


0.83 
.19 
.11 
.19 
.68 


.63 

.50 

.60 

1.50 

.39 

.34 

.65 

1.93 

.69 

1.90 

1.58 

1.50 


1.02 


2.19 

4.09 

3.23 

2.36 

.87 

.53 

1.30 

.58 

.26 

.26 

.47 

1.23 


1.45 


Depth  in 
inches. 


0.77 
.21 
.12 
.21 
.67 


0.72 
.52 


1.67 

.45 

.38 

.75 

2.22 

.77 

2.19 

1.76 

1.73 


13.85 


2.53 

4.26 

3.72 

2.62 

1.00 

.59 

1.50 

.67 

.29 

.30 

.53 

1.42 


19.43 
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Estimaied  morUMy  disrliarge  of  Tallapoosa  River  at  Milstead — Continued. 


Month. 


1900. 


January . . . 
February  . . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November 
December  , 


The  year 


1901. 


Diwhaiige  in  second-feet. 


Maximum. 


January 33,962 

February 28, 900 

March 35, 087 

April 28,900 

May I  17,875 

June 13,262 


10,335 
48,305 
17,650 
18, 775 

6,736 
27,831 
11,572 

6, 960 
28, 447 
13, 262 
11,460 
18,  775 


48, 305 


July 


5,387 


August 23,275 

Septeml)er 9, 887 

October '  •    6,849 

November '  2,  237 

December '  «70,000 


The  year '    a70,000 


Minimum. 


2,125 
2,237 
5,723 
4,712 
2,462 
2,575 
2,462 
1,675 
1,337 
1,337 
2,462 
2,800 


1,337 

5,275 
5,837 
4,150 
5,499 
3, 587 
2,775 
2,012 
2,012 
1,675 
1,562 
1,562 
1,843 

1,562 


Mean. 


3,728 
12,950 
10,208 
9,016 
3,718 
8,317 
5, 405 
2,814 
4,975 
3,787 
4,224 
6,475 


6,301 


Run-off. 


^^^!^    Depth  In 


11, 476 
10,440 
8,374 
12, 020 
6,440 
5,976 
3,398 
5,904 
3,137 
2,364 
1,855 
8,282 


6,639 


.97 
3.37 
2.66 
2.35 

.97 
2.17 
1.41 

.73 
1.30 

.99 
1.10 
1.69 


1.64 


2.99 

2.72 

2.18 

3.13 

1.68 

1.56 

.88 

1.54 

.82 

.62 

.48 

2.16 


1.73 


1.12 
3.50 
3.07 
2.62 
1.12 
2.42 
1.63 
.84 
1.4o 
1.14 
1.23 
1.95 

22.09 


3.45 

2.83 

2.52 

3.49 

1.94 

1.74 

1.01 

1.78 

.91 

.71 

.54 

2.49 

23.41 


a  Ajiproxlmate. 
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NH  honepotrer  per  fool  of  fall  with  a  turbine  efficiency  of  SO  per  cent  for  the  minimum 

monthly  dixharge  of  TaUapoota  River  at  MUtiead. 


18W. 


1900. 


1901. 


Month. 


January  .. 
February  . 

March 

April 

May 

Jane 

Joly.... 

AngDBt 

September 

October 

November 
December. 


Mini- 

Mini- 

Minimum 
diieharge. 

1 

mum 
net 
bone- 
power 

per 

foot  of 

faU. 

Dura- 
tion of  Minimum 
mini-  dlacbaige. 
mum. 

mum 
net 
horse- 
power 

per 

foot  of 

fall. 

Dura- 
tion of 
mini- 
mum. 

!  See.-feet, 

1 

Datft. 

occyeet. 

I>aya, 

4,116 

374 

1 

2,125 

193 

4 

j     6,945 

631 

1 

2,237 

203 

1 

7,314 

665 

1 

5,725 

520 

2 

5,100 

464 

1 

4,712 

428 

1 

2i517 

229 

3 

2,462 

224 

1 

1,287 

117 

4 

2,575 

234 

1 

705 

72 

1 

2,462 

224 

2 

1,287 

117 

3 

1,675 

152 

1 

430 

39 

3 

1,337 

122 

2 

320 

29 

2 

1,337 

122 

1 

918 

83 

5 

2,462 

244 

9 

1,656 

151 

1 

2,800 

255 

3 

Mini- 
mum 

net 

Dura- 

Minimum 

borte- 

tion  of 

dlflchar^. 

power 

mini- 

per 

mum. 

foot  of 

fall. 

Sec.'/fft. 

Day; 

5,275 

480 

1 

5,837 

531 

1 

4,150 

377 

1 

5,500 

500 

1 

3,587 

326 

2 

2,575 
2,012 
2,012 
1,675 
1.562 
1,562 
1,843 


234  , 
183  j 
183  I 
152  I 
142  ■ 
142 
168 


2 
1 
5 
2 
10 
3 
1 


TALLAPOOSA  RIVER  NEAR   SUSANNA. 

This  station  was  established  July  27,  1900,  by  J.  R.  Hall.  It  is 
located  at  the  mouth  of  Blue  Creek,  which  is  10  feet  above  the  east 
landing*  of  McCartys  Ferry,  13  miles  southwest  of  Dadeville  and  3 
miles  from  Susanna,  the  nearest  post-office.  The  rod  is  graduated  to 
feet  and  tenths. ,  It  is  18  feet  long  and  is  nailed  vertically  to  a  tree 
overhanging  the  water  on  the  south  side  of  the  creek  at  the  junction 
of  the  creek  and  the  river.  The  gage  is  referred  to  a  bench  mark  on 
a  white  hickory  tree  about  40  feet  from  the  rod  on  the  south  bank  of 
the  creek,  and  is  376.67  feet  above  tide  water.  Discharge  measure- 
ments are  made  from  a  boat  held  in  place  by  a  wire  stretched  across 
the  river,  upon  which  the  distances  from  the  initial  point  are  tagged. 
The  section  is  an  exceptionally  good  one,  depth  and  current  being 
almost  uniform  the  entire  width  of  the  stream.  This  station  was  dis- 
continued March  30,  1901. 


26 


WATER   POWERS    OF    ALABAMA. 


[no.  107. 


During  1900  and  1901  the  following  discharge  measurements  were 
made  by  James  R.  Hall: 

Discharge  measurements  of  Tallapoosa  River  near  Susanna. 


Date. 


1900. 


July  27 

August  9 

September  28 
November  24 


1901.  I 

July  9 1 

February  27 * 


Feet. 
1.80 
1.55 
1.50 
2.40 

2.80 
2.90 


Discharge. 


Second-feel. 
2,309 
1,900 
1,809 
3,629 

5,628 
5,135 


Daily  gage  height^  in  feet,  of  Tallapoosa  River  near  Susanna. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1900. 
1 

6.80 
4.00 
2.00 
1.80 
1.80 
2.10 
2.20 
1.70 
1.55 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.90 
1.95 
1.96 
1.80 
1.75 
1.70 
1.70 
1.90 
2.00 
2.05 
2.50 
2.15 
2.00 
1.90 
1.80 
2.25 

2.40 

2 

1 

1 

3.80 

3 



1 

4.80 

4 

■ 

4.20 

5 ! 

i 

2.25 

6 ; 

1.50 

7 ! 

1.45 

8 ' 

1.45 

9 ' 

1     ....         .  . 

1.40 

10 ' 

1 

1.35 

11 ' 

1 

.......  .......1. ...... 

1.35 

12 ' 

1 

1 

1.85 

18 1 

1 

1 

1.35 

14 

1.30 

1.5 

::::::::::::::::::::: 

1.35 

16 

' 

11.70 

17 

8.40 

18 

4.80 

19 .              

. 

3.00 

20 1 

1 

.1. --  -  - 

1 

2.50 

21 

i 

1 

1.80 

22 

1 

1 


1.80 

23 .            

1 

1 

-     

1.80 

24 

• 1 

1.70 

25 

1 

1.60 

26 1 

1 1 

1.50 

27 

.......|...... 

1.80 
1.90 
1.80 
4.00 
6.80 

1.50 

28    

:::::::'::;::::::::::::::::::::::::: 

1.50 

29 

1 

1.45 

30 

1             1      1 

1.45 

31 

J 

^ 

_^  ___ 

_  _ 

Oct. 

Nov. 

Deo. 

1.40 

1.80 

2.00 

1.40 

1.70 

2.00 

1.40 

1.70 

2.10 

1.35 

1.65 

2.20 

1.30 

1.66 

2.80 

2.80 

1.65 

2.50 

8.00 

1.60 

2.40 

2.50 

1.60 

2.40 

1.85 

1.60 

2.40 

1.80 

1.60 

2.90 

1.75 

1.60 

2.10 

1.70 

1.55 

2.00 

1.90 

1.56 

1.90 

2.40 

1.60 

3.90 

2.45 

1.60 

3.90 

2.40 

1.60 

2.80 

2.35 

1.75 

2.60 

2.30 

1.75 

2.50 

2.20 

1.80 

2.40 

2.10 

1.85 

4.50 

1.90 

1.85 

5.80 

1.70 

1.90 

4.60 

8.90 

2.40 

4.00 

6.00 

2.40 

4.00 

5.00 

3.00 

3.70 

4.30 

4.90 

8.20 

4.10 

4.20 

2,80 

2.80 

3.90 

2.70 

2.20 

3.00 

2.60 

1.90 

2.80 

2.70 

1.85 

1 

2.90 
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Daily  gage  height,  in  feet,  of  Tallapoo»a  Riter  near  Sumnna — Continued. 


D*y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

t 
July.    Aug. 

Sept 

Oct  1  Not. 

Dec. 

1901. 
1 

6.0 
6.0 
5.1 
4.5 
3.9 
3.5 
3.2 
3.0 
2.9 
2.8 
3.4 
13.6 
11.5 
8.0 
6.1 
4.5 
5.0 
4.5 
3.9 
3.4 
3.2 
3.1 
3.0 
8.1 
3.4 
3,1 
3.2 
3.1 
3.0 
3.2 
3.3 

3.40 
3.45 
3.90 
11.50 
9.50 
6.50 
4.40 
4.30 
4.80 
4.90 
4.50 
4.00 
3.50 
3.04 
3.30 
3.20 
3.10 
3.10 
8.06 
3.00 
2.90 
2.85 
2.80 
2.90 
8.00 
3.00 
2.90 
2.80 

2.70 
2.60 
2.65 
2.70 
2.65 
^60 
2.50 
2.40 
2.60 
2.70 
3.30 
3.10 
2.90 
2.60 
2.60 
2.40 
2.40 
2.40 
2.45 
3.00 

.......'.......'....... 

1 

2 

1 

1 

3 

1 

4 

i 

O -..--... 



1 

...... .^. ......  .......  ...... 

6 

1 

1 

1            1 

1 

8 

1 

:::::::i:::::::.:::::::" ":" 

9 

1 .  .v 

1 

10 

11 

1 

( 

12 

13 

1    *  ■ 

14 

1 

1 

l.> 

1 :  "*:: 

' 

' 1 

16 

.'  I!     ' 

1 

1 

17 

1*4 

1 

19 

1 

!» 

i 

1             1 

21 

3.40 
2.90 
2.70 
8.80 
3.40 
8.60 
7.40 

i 

! 

*» 

1 

23 

24 

1 

25 

26 

1 

27 

, 

28 

6.90 
6.10 
4.10 

•29 

1 

30 

.•••... '•.■••«« 

■ 

31 

1 

1 

i 

1       1 

Rating  table  for  Tallapoosa  River  near  Susanna  for  1900  and  1901. 


Gage 
he^t. 

Discharge.  1 

I                   1 

1 

Gage 
height. 

Difichaige. 

Gaffe 
height. 

DiwharKe. 

1.0 

Second-feet. 

1 

Iket. 
2,6 

Second-fed. 
4,730 
5,630 
6,530 
7,430 
8,330    1 
9,230 
10,130 
11,030 

Feet. 
4.2 
4.4 
4.6 
4.8 
5.0 
5.5 
6.0 
6.5 

1 
Second-feet. 
11,930 
12,830 
13, 730 
14,630 
15,530 
17,780 
20,030 

22,280 

1 

1 

1      Feel. 

7.0 

8.0 

9.0 

10.0 

11.0 

11.7 

r 

Second-feet. 
24,530 
29,030 
33,530 
38, 030 
42, 530 
45,680 

1       1.2 

2.8 

1       1.4 
1.6 
1.8 

,      2.0 
2.2 

2.4 

1 

1,680 

1,960 

2,320    1 

2,740 

3,230 

3,850 

3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
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EsUmaied  monthly  discharge  of  TaUapoosa  River  near  Susanna. 

[Drainage  area,  2,610  square  miles.] 


Month. 


1900. 


July  27  to  31 

August 

September . . 

October 

November . . 
December  .. 


Discbarge  in  seoond-feet. 


Maximum. 


January . 
February 
March. . . 


1901. 


19,130 
45,680 
20,030 
15,080 
19, 130 

53,780 
44,780 
26, 330 


Minimum. 


1,680 
1,570 
1,570 
1,885 
2,520 

5,630 
5,630 
3,850 


Mean. 


8,364 
3,258 
6,083 
4,776 
3,676 
6,288 

13,265 

11,303 

7,546 


Run-off. 


Second-feet 

per  square 

mile. 


1.25 
2.33 
1.83 
1.41 
2.41 

5.08 
4.33 
2.89 


Depth  in 
inches. 


1.44 
2.60 
2.11 
1.57 
2.78 

5.86 
4.51 
3.31 


Net  horsepower  per  foot  of  fallf  vHih  a  turbine  efficiency  of  SO  per  cent  for  the  minimum 

monthly  discharge  of  Tallapoosa  River  near  Susanna. 


Month. 


January . . . 
February . . 

March 

July 

August 

September 
October . . . 
November. 
December . 


1900. 


Minimum 
discharge. 


Second-feet. 


2,320 
1,680 
1,570 
1,570 
1,885 
2,520 


Minimum 
net  horse- 
power per 
loot  of  fall. 


Duration 
of  mini- 
mum. 


Days. 


1901. 


Minimum 
discharge. 


211 
153 
143 
143 
171 
229 


2 
5 
1 
1 
2 
1 


Second-feet. 
5,630 
5,630 
3,850 


Minimum 
net  horse- 
power per 
foot  of  fall. 


512 
512 
350 


Duration 
of  mini- 
mum. 


Days. 


1 
2 

4 
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TALLAPOOSA  RIVER  AT  STURDEVANT. 

This  station  was  established  July  19,  1900^  by  J.  R.  Hall.  It  is 
located  at  the  Columbus  and  Western  Railroad  brid^,  a  fourth  of  a 
mile  west  of  Sturdevant.  This  railroad  belongs  to  the  Central  of 
Georg'ia  Railway.  The  gage  rod  is  20  feet  long,  and  is  graduated  to 
feet  and  tenths.  It  is  in  two  sections,  and  is  fastened  vertically,  the 
^<horter  section  to  a  post  at  the  edge  of  the  water  on  the  east  bank 
about  20  feet  below  the  bridge,  and  the  longer  section  to  the  first 
stone  pier  from  the  east  bank.  The  initial  point  of  sounding  is  the 
east  end  of  the  bridge.  The  section  is  broken  by  three  piers  and  by 
some  large  rocks  below  the  bridge.  The  gage  is  referred  to  a  bench 
mark  consisting  of  a  nail  in  the  southwest  comer  of  pier  No.  2,  on 
the  east  side  of  the  river,  455.70  feet  above  tide  water  and  14.20  feet 
above  the  zero  of  the  gage.  The  observer  is  B.  F.  Neighbors,  farmer 
and  postmaster  at  Sturdevant,  who  lives  a  fourth  of  a  mile  from  the 
station.  This  station  being  above  the  big  new  dams  at  Tallassee,  is 
intended  to  replace  Milstead  station. 

The  following  discharge  measurements  were  made  by  James  R.  Hall, 
W.  E.  Hall,  M.  R.  Hall,  and  assistants: 

Discharge  measurements  of  Tallapoosa  River  at  Sturdevant, 


Date. 


1900 

Julv20 

Aogofit  13... 

1901 
March  8 

1902 

July  11 

September  17 
October9... 
November  12 


Gage 
height. 

"Dlachaxge. 

I\eeL 

Second-feet. 

2.85 

2,603 

1.95 

1,887 

3.40 

3,774 

1.85 

1,440 

'  .80 

658 

1.08 

858 

1.34 

1,000 

1903 

May  22 

July  25 

August  22 

August  24 

Do 

October  8 

Do 

November  24, 


Dlflchaige. 


Feet 
4.00 
2.45 
2.20 
1.88 
1.86 
1.05 
1.05 
1.58 


Seeond-feeL 
4,580 
2,247 
1,837 
1,485 
1,616 
834 
835 
1,148 
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Rating  table  for  Tallapoosa  River  at  Sturdevant  for  1900,  1901,  and  190£. 


Gage 
height. 

Feel. 

0.6 

.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 

Dischajge. 

Gage 
height. 

Second-feet. 

Feet. 

555 

3.0 

660 

3.2 

775 

3.4 

910 

3.6 

1,055 

3.8 

1,220 

4.0 

1,410 

4.2 

1,640 

4.4 

1,910 

4.6 

2,210 

4.8 

2,520 

5.0 

2,830 

5.2 

Discharge. 

Gage 
height. 

Second-feet. 

FeeL 

3,140 

5.4 

3,450 

5.6 

3,760 

5.8 

4,070 

6.0 

4,380 

6.5 

4,690 

'      7.0 

5,000 

7.5 

5,310 

1      8.0 

5,620 

8.5 

5,930 

9.0 

6,240 

10.0 

6,550 

9.5 

1 
1 

Discharge. 

Gage 
height. 

Seomdfeet. 

Jferf. 

6,860 

10.5 

7,170 

11.0 

7,480 

11.5 

7,790 

12.0 

8,565 

12.5 

9,340 

13.0 

10, 115 

13.5 

10,890 

14.0 

11,665 

14.5 

12,440 

15.0 

13, 215 

13,990 

Discharge. 

SeeondfeeL 
14,765 
15,540 
16,315 
17,090 
17,8«5 
18,640 
19, 415 
20,190 
20,965 
21,740 


I 


Rating  table  for  Tallapoosa  River  at  Sturdevant  for  1903. 


•     Gage 
height 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

l)i8charge. 

1 

Gage 
height. 

Dbchaige. 

Secondfeet. 

Feet. 

Second-feet. 

Feet. 

Secondfeet. 

Feel. 

Second-feet. 

0.90 

765 

2.20 

1,885 

4.60 

5,470 

7.00 

9,070 

.95 

789 

2.30 

2,025 

4.70 

5,620^ 

7.60 

9,970 

1.00 

810 

2.40 

2,170 

4.80 

5,770  ; 

8.00 

10, 570 

1.05 

834 

2.50 

2,320 

4.90 

5,920 

8.90 

11,920 

1.10 

859 

2.60 

2,470 

1    5.00 

6,070 

9.00 

12, 070 

1.15 

885 

2.70 

2,620 

;    5.10 

6,220 

9.20 

12, 370 

1.20 

912 

2.80 

2,770 

5.20 

6,370 

9.30 

12,520 

1.25 

940 

2.90 

2,920 

5.30 

6,520 

9.50 

12,820 

1.30 

970 

3.00 

3,070 

5.40 

6,670 

9.80 

13, 270 

1.35 

1,002 

3.10 

3,220 

5.50 

6,820 

10.00 

13, 570 

1.40 

1,036 

3.20 

3,370 

5.60 

6,970 

10.20 

13, 870 

1.45 

1,072 

3.30 

3,520 

5.70 

7,120 

11.00 

15,070 

1.50 

1,110    ' 

3.40 

3,670 

5.80 

7,270 

12.00 

16, 570 

1.55 

1,150 

3.50 

3,820 

5.90 

7,420 

12. 10 

16,720 

1.60 

1,194 

3.60 

3,970    ' 

6.00 

7,570 

13.00 

18, 070 

1.65 

1,240 

3.70 

4,120    , 

6.10 

7,720 

13.80 

19, 270 

1.70 

1,288 

3.80 

4,270 

6.20 

7,870 

14.00 

19, 570 

1.75 

1,338    ' 

3.90 

4,420 

6.30 

8,020 

14.60 

20,470 

1.80 

1,390 

4.00 

4,570 

6.40 

8,170 

16.00 

22,570 

1.85 

1,444 

4.10 

4,720 

6.50 

8,320 

19.00 

27, 070 

1.90 

1,500 

4.20 

4,870 

6.60 

8,470 

19.20 

27, 370 

1.95 

1,560 

;    4.30 

5,020 

6.70 

8,620 

! 

2.00 

1,620 

4.40 

5,170 

6.80 

8,770 

, 

2.10 

1,750 

4.50 

5,320 

6.90 

8,920 
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Esiimateil  monthly  discharge  of  Tallapoom  Rirer  at  SturdrvfitU, 

[Drainage  area,  2,500  square  miles.] 


Month. 


DiachalKe  in  second-feet. 


Run-off. 


Maximum. 


Minimum. 


1900. 


Jiilv  19-31 . 
AogQgt  ... . 

Reptemher . 
Of-tober  ... 
November . 
December  . 


Mean. 


Second- 
feet  per 
nqnara 
mile. 


<■.••• 


i90i« 


5,155 

17,090 

9,805  ) 

7,635 

10, 1 15 


1,520  ' 
1,220  I 
1,220  I 
1,910  ' 
2,520  I 


4,002  I 
2,533  , 
3,602  ■ 
3,398  , 
3,275  ; 
4,330  ! 


January  . 
Februar\' 
March... 

April 

Mav  . . . . 
June  - . . . 
Julv  .... 


August 

September, 
October  .. 
November , 
r^ecember  . 


20,345 
18, 485 
12,285 
12,440  I 
10, 270  I 

7, 170  I 

I 

6,156  I 
16,625  I 
9,340  ' 
7, 790  I 
2,055 
24,150 


4,690 
4,635 
3,460 
4,535 
3,140 
2,365 
1,640 
1,640 
1,640 
1,220 
1,220 
1,310 


The  year  . . . 

1902. 

Janoarv  

Febroarv 

March 

April 

Mav 

0 

June 

Julv 

August 

J^ptember 

October 

November 

December 


24, 160 


1,220 


7,035 
6,468 
6,315  : 
6,  772  ' 
4,885  ' 
4,452  : 
2,795  ' 
4, 793  ' 
2, 852 
1,946  ' 
1,502 
4,670 

4,457 


l^z^ 


15,695  I 

2,520 

4,550 

23, 245 

'    1 

3,760 

6,288 

23,  245  1 

5, 310 

9,708 

10, 890  , 

3,914 

5, 677 

5,000 

1,910 

3. 240 

4,070 

840 

1,544 

2,830  , 

660 

1,004 

7,790  1 

470 

1,298 

4,845  ; 

510 

1,255 

2,985  1 

715 

1,180 

6, 550  1 

660 

2,011 

10,890 

1,640 

4,412 

The  vear  . . 
IRR  107—04" 


23,245 


470 


3,514 


1.60 
1.01 
1.44 
1.36 
1.31 
1.73 


2.81 
2.59 
2.13 
2.61 
l.a5 
1.78 
1.12 
1.92 
1.14 
.78 
.70 
1.87 

1.78 


1.82 

2.52 

3.88 

2.27 

1.30 

.62 

.40  I 

.52 

.50  ' 

.  4/ 

.80 

1.76 

1.40 


Depth  in 
Inohifi. 


0.77 
1.16 
1.61 
1.57 
1.46 
1.9J) 

3.24 
2.70 
2.46 
2.91 
2.  25 
1.99 
1.29 
2.21 
1.27 
.90 
.78 
2.  16 

24.16 


2.10 

2.62 

4.47 

2. 53 

1.50 

.69 

.46 

.60 

.56 

.54 

.89 

2.03 

18.99 
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Estimated  monthly  dischar^  of  Tallapoosa  River  at  Sturdevant — Continawl, 


Discharge  in  second-feet. 


Month. 


1903. 


January  - . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  . . . 
November . 
December  . 


Maximum. 

Minimum. 

4,120 

2,320 

27, 370 

2,470 

15,070 

5,320 

14,470 

4,420 

Mean. 


19, 120 
10,  720 
7,270 
6,970 
3,370 
2,620 
.  1,  750 
2,920 


The  year 27,370 


3,370 

2,770 

1,500 

1,110 

765 

765 

912 

1,036 

765 


Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


3,128 
9,841 
8, 035 
6,988 
5,688 
4,845 
3,204  i 
2,771 
1,271 
939 
1,285 
1,410 


4,117 


1.25 

3.94 

3.21 

2.79 

2.27 

1.94 

1.28 

1.11 

.51 

.37 

.51 

.56 

1,645 


1.44 

4.10 

3.70 

3.11 

2.62 

2.16 

1.48 

1.28 

.57 

.43 

.57 

.65 


22.11 


Net  horsepower  j>er  fool  of  faU  uith  a  turbine  efficienof  of  80  per  cent  for  the  minimum 

monthly  discharge  of  Tallapoosa  River  at  Sturdevant 


Month. 


1901. 


1902. 


Minimum 
Idischarge. 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


Dura- 
tion of 
mini- 
mum. 


Mini- 


Minimum 
discharge. 


mum 
net 
horse- 
power 
per  foot 
of  fall 


January  .. 
February  . 

March 

April 

Mav 

June 

July 

August  ... 
September 
October... 
Noveml>er 
December . 


Sec-feet. 
4,690 
4,535 
3,450 
4,5a5 
3,140 
2,365 
1,640 
1,640 
1,640 
1,220 
1,220 
1,310 


426  I 
412  I 
314 
412  [ 
285 
215 
149  , 
149  \ 
149 
111 
111 
119 


Days. 
3 
2 
2 
3 
2 
2 
2 
2 
7 
5 
4 
2 


Sec-feet. 

2,520 

3,760 

5,310 

3,914 

1,910 

840 

660 

470 

510 

715 

660 

1,640 


229 

342 

483 

356 

174 

76 

60 

43 

46 

65 

60 

15 


Dura- 
tion of 
mini- 
mum. 


Days. 
2 
2 
1 
1 
1 
1 
2 

.    1 
2 

3 
3 
1 


1903. 


Minimum  I 
discharge.! 


Mini- 
mom 
net 
horse- 
power 
per  foot 
of  fall. 


Sec-feet. 

2,320 

2,470 

5,320 

4,420 

3,370 

2,770 

1,500 

1,110 

765 

765 

912 

1,036 


211 

225 

484 

402 

306 

252 

136 

101 

70 

70 

83 

94 


Dura- 
tioD  of 
mini- 
mum. 


Days, 
/ 
1 
2 
3 
1 
2 
1 
2 
2 
6 
1 
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DESCRIPTION  OF  TALLAPOOSA  RIVER. 

A  Surrey  of  a  part  of  Tallapoosa  River  in  Alabama  was  made  in 
June  and  July,  1900,  under  supervision  of  B.  M.  Hall,  resident  hydrog- 
rapher,  by  Field  Engineer  James  R.  Hall,  levelman  and  topographer. 

The  survey  began  at  the  hydrograpbic  station  on  Tallapoosa  River, 
at  Milstead,  Ala.,  and  ran  up  the  river  64  miles  to  the  head  of  the  shoal 
above  Griffin  Ferry.    The  elevations  are  above  sea  level. 

Eleraiions  of  bench  marks  and  water  mar/ace  along  TaUapoosa  River  from  MUMead  to 

Griffin  ShoaU. 


Dis- 
tance 
from 

Mil- 
stead. 


6.0 

6.2 

8.5 

9.5 

9.5 
15.7 
16.5 
16.8 
16,8 

17.8 

17.8 

18-5 

18.75 

18.75 

19.4 

19.4 

19.7 

19.7 


21.3 
23.0 
23.8 
23.8 

24.4 
24.4 

25.6 


Location. 


Water  sarface  of  tail-water  at  Tallaseee  mills 

Water  surface  above  crest  of  Tallassee  dam 

Upper  end  of  Tallaasee  pond 

Water  surface  below  Montgomery  Power  Company's  dam 

Crest  of  Montgomery  Power  Company's  dam 

Upper  end  of  Montgomery  Power  Company's  pond 

Water  surface  at  Double  Bridge  Ferry 

Water  surface  at  mouth  of  Wind  Creek 


Bench 
nuirk. 


Feet 


Bench  mark  No.  7,  bunch  of  mulberry  trees  at  the  mouth 
of  Wind  Creek I  357.85 

Bench  mark  No.  22,  crooked  willow  on  small  branch  at 
north  end  of  Taylor's  field '  363.30 

Water  surface  at  bench  mark  No.  22 i 

Water  surface  opposite  mouth  of  Kowaliga  Creek ' 

Bench  mark  No.  33,  mulberry  100  feet  above  old  Baker  field .  371. 73 

Water  surface  at  bench  mark  No.  33 

Bench  mark  No.  42,  willow  at  Gametts  Ford 

Water  surface  at  Garnetts  Ford 

Bench  mark  No.  46,  pine  at  mouth  of  High  Falls  Branch. |  373.98 

Water  surface  at  ''blue  hole"  at  mouth  of  High  Falls  ; 
Branch  

Water  surface  at "  blue  hole  "  at  foot  of  Long  Branch  Shoals. 

Bench  mark  No.  62,  mulberry,  300  yards  above  mouth  of 
Long  Branch 

Water  surface  at  bench  mark  No.  62,  top  of  Long  Branch 
Shoals 

Bench  mark  No.  70,  white  hickory  at  McCartvs  Ferry,  I 
mouth  of  BlueCreek 1 376.67 


Water  sur- 
face. 


Feet. 

206.3 

269.9 

269.9 

295.25 

336.25 

335.25 

351.46 

352.45 


Water  surface  at  McCartys  Ferry,  month  of  Blue  Creek  . . 

Top  of  shoal  opposite  mouth  of  Peru  Branch 

Water  surface  at  mouth  of  Gold  Mine  Branch 

Bench  mark  No.  100,  mulberry  at  mouth  of  Gold  Mine 
Branch 

Bench  mark  No.  110,  water  oak  at  Robinsons  Ferry 

Water  surface  at  Robinsons  Ferry 

Water  surface  at  top  of  upper  Robinsons  Shoals 

Bench  mark  No.  124,  small  sycamore  at  mouth  of  small 
branch 


386.00 
404.40 


395. 10 


356.18 
357.16 

359.75 

360.55 


362.40 
362.40 


367.23 


367.80 
372.55 
375. 17 


380.20 
389.10 
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Elevations  of  bench  marks  and  water  mrfa/x  along  TaUapoosa  River  from  MiUtead  to 

Griffin  Shoals — Continued. 


Dis- 
tance 
from 

Mil- 
stead. 


Miles. 
27.7 
28.7 

29.5 

2i).5 
30.0 
30.0 
31.0 
31.2 

34.0 

34.0 

35.8 

35.8 
37.0 

37.4 
37.6 
38. 3 

38.3 
39.3 

39.3 

41.2 


Location.  ^ 


Bench     Water  sur- 
mark.  face. 


Frei. 


Fcft.. 
390.09 


41.2 

42.2   ; 

45.3 

48.3 

48.3 

50.0 

50.0 

52.0 

52.0 

55. 4 

55.4 

60.8 

(50.8 

1 

62. 0 

62.0 

Water  surface  at  mouth  of  small  branch  in  Pace's  field. . . 

Bench  mark  No.  140,  water  oak  at  foot  of  Hardy  Shoals, 
in  Pace's  field 414.30 

Bench  mark   No.  150,  dead  stump  100  feet  below  the 
mouth  of  Big  Sandy  Creek 398.08    

Water  surface  at  mouth  of  Big  Sandy  Creek \ 

Bench  mark  No.  165,  big  red  oak  at  Youngs  Ferry 413. 50    

Water  surface  at  Youngs  Ferry , 394. 00 

Water  surface  at  Cherokee  Bluff i 394.  (K) 

Bench  mark  No.  175,  big  walnut  200  yards  above  Mono wa 
Creek ." 416.75  i 

Bench  mark  No.  180,  10-inch  pine  tree  at  third  bar  of                 I 
Seago  S  h  oa  Is 4  24. 72    

Water  surface  at  third  bar  of  Seago  Shoals,  opposite  bench 
mark  No.  180 399.92 

Bench  mark  No.  190,  large  white  oak  at  east  landing  at 
Walkers  Ferry 436.90 

Water  surface  at  Walkers  Ferrv 

Bench  mark  No.  210,  leaning  white  oak  at  mouth  of  small 
branch  at  upper  end  of  Upshaw  place 438. 60 

Water  surface  at  bench  mark  No.  210 , 

Water  surface  at  top  of  fish  trap , 

Bench  mark  No.  215,  16-inch  white  oak  on  small  branch 
at  upper  end  of  Locke's  old  field - .    448. 90 

Water  surface  at  bench  mark  No.  215 

Water  surface  under  Central  Railroad  bridge  at  Sturde- 
vant 

Bench  mark  on  top  of  rail  over  first  pier  of  the  east  end  of 
Central  Railroad  bridge 505.90 

Bench  mark  No.  240,  large  water  oak  at  east  landing  of  <               > 
Dennis  Ferry 457. 15    

Water  surface  at  Dennis  Ferry ;    445.  85 

Water  surfac^e  at  mouth  of  branch  on  left  bank  of  river 448.  20 

Water  surface  600  feet  l)elow  mouth  of  Ilillabee  Creek 472.  60 

Bench  mark  No.  310  water  oak  at  east  landing  of  Welchs 
Ferry 

Water  surface  at  Welchs  Ferry 

Bench  mark  No.  330,  beech  150  feet  above  mouth  of  Free- 
mans  Branch i  526. 62    

Water  surface  150  feet  above  mouth  of  Freemans  Branch 521 .  (U 

Water  surface  at  Whaleys  Ferry ' 529.  48 


429. 

65 

432. 

00 

436. 

47 

438. 

00 

444. 

25 

504.15 


492.  ?XS 


Bench  mark  No.  340,  birch  at  Whaleys  Ferry 

Bench  mark  No.  350,  10-inch  birch  at  Millers  Ferry 

Water  surface  at  Millers  Ferry , 

Water  surface  at  (triffin  Ferrv 

Bench  mark  No.  380,  double  ash  tree  on  left  bank  at 

(iriffin  Ferrv 

Bench  mark  No.  390, 12-inch  birch  at  head  of  Griffin  Shoals. 
Water  surface  at  head  of  Griffin  Shoals 


539. 38 
552. 16 


544.00 
557.  10 


570.30 
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Al>ove  Miktead  the  river  flows  on  granitic  IhhI  rock,  and  has  numer- 
ous bluffs  along  its  banks,  affording  excellent  sites  for  dams. 
There  are  two  large  developed  water  powers  on  the  river,  the  Tal- 


Fie.  l.~Hap  of  Tallapoosa  River  from  top  of  Oriffin  Shoals  to  MUstead. 

lassee  Falls  plant  and  the  Montgomery  Power  Company's  plant,  both 
of  which  are  near  the  lower  end  of  the  area  surve^^ed.  ■ 

The  Tal lassee  Falls  dam  and  canal,  which  are  6  miles  above  MiLstead, 
utilize  a  fall  of  (M  feet.    The  power  and  the  large  cotton  manufacturing 


38 


WATER   POWERS   OF   ALABAMA. 


(no.  107. 


plant  were  described  in  the  Twentieth  Annual  Report  of  the  United 
States  Geological  Survey,  Part  IV,  pages  192-193.     In  October,  1901, 


atlu 


Fio.  2.— Map  of  Tallapoosa  River  between  Double  Bridgre  Ferry  and  Cential  of  Georgia  Railway, 

showing  reservoir  above  Cherokee  dam  site. 

this  power  was  capable  of  furnishing  8,900  net  horsepower  without 
storage  during  low  water.     A  break  which  occurred  in  the  dam  on 
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December  29,  1901,  decreased  the  available  head,  but  did  not  stop  the 
machinery. 


Contour  interval  lo  f*et 


Fig.  3.— Topocfimphic  plan  and  location  of  cron  sections  of  Tallapoosa  River  at  Cherokee  dam  site. 

The  Montgomery  Power  Company  has  a  40-foot  dam  9i  miles  above 
Milstead.     This  dam  backs  the  water  6i  miles  up  the  river,  and  forms 
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an  immense  storage  basin.     The  power  from  this  plant  is  transmitted 
electrically  a  distance  of  about  27  miles  to  Montgomery. 

With  river  at  stage  of  lowest  water  observed  this  plant  will  develop 
at  the  wheels  5,572  net  horsepower  from  the  run  of  the  rivei;*  without 
drawing  on  the  storage. 

The  equalizing  storage  of  this  dam  will  add  fully  25  per  cent  to  this 
power  and  to  the  power  at  Tallassee  for  continuous  running  without 
materially  lowering  the  head  at  either  plant. 

Surve3^s  have  been  made  for  a  large  dam,  35  or  40  feet  in  height,  at 
or  near  Double  Bridge  Ferry,  to  back  the  water  beyond  Robinson.s 
Ferrv,  a  distance  of  about  8  miles.  There  is  an  excellent  site  for  a 
dam,  and  the  project  is  entirely  feasible.  The  horsepower  in  propor- 
tion to  head  would  be  the  same  as  that  available  at  the  Montgomery" 
Power  Company's  dam. 

From  the  mouth  of  Big  Sandy  Creek  to  a  point  1  mile  above  Griffin 
Ferry,  a  distance  of  32  miles,  the  fall  of  Tallapoosa  River  is  176.5  feet. 
Nearl}^  all  of  this  fall  can  be  utilized  for  power  by  developments  simi- 
lar to  those  which  have  been  made.  A  study  of  the  table  of  distances 
and  elevations  will  give  the  distribution  of  the  fall,  and  will  show  the 
distance  to  which  dams  of  certain  heights  will  back  the  water  at  the 
various  shoals.  The  question  of  the  best  power  sites  and  the  proper 
plan  of  development,  height,  and  location  of  dams,  etc.,  can  be  deter- 
mined only  by  special  investigation  andsurvej^s.  It  will  be  safe,  how- 
ever, to  assume  that  a  practicable  site  for  a  dam  up  to  40  feet  high 
can  bo  found  in  the  vicinity  of  any  location  which  may  be  selected, 
and  the  power  obtainable  can  be  estimated  by  multiplying  the  volume 
of  water,  or  its  equivalent  net  horsepower  per  foot  of  fall,  by  the  pro- 
posed head  to  be  developed. 

The  water  supply  or  discharge  of  Tallapoosa  River  at  different  point^^ 
may  be  closely  approximated  from  the  foregoing  records  of  the  Mil- 
stead,  Susanna,  and  Sturdevant  h^^drographic  stations,  and  also  from 
those  at  the  Dadeville  and  Alexander  stations  on  the  tributaries. 

TROPOSED  DAM  ON  TALLAPOOSA  RIVER  NEAR  DOUBLE  BRIDGE  FERRY, 

TALLAPOOSA  COUNTY. 

The  following  is  an  extract  from  a  recent  report  by  Mr.  Henry  C. 
Jones,  of  Montgomery,  Ala.,  on  a  proposed  development  of  the 
Cherokee  and  Seago  water  powers  as  a  combined  property: 

Surveys  recentlj  completed  for  two  40-foot  dams  on  TaIlapoo8a  River,  one  at  the 
( 'herokee  dam  site  and  one  at  Seago  Shoals,  some  miles  above,  both  the  property  of 
the  (-herokee  Development  and  Manufacturing  Company,  a  water-power  corporation 
enjoying  a  comprehensive  special  charter,  demonstrates  conclusively  that  the  erection 
of  one  dam  of  80  feet  at  the  lower  site  instead  of  40  feet  on  the  eoparat«  properties 
"  greater  pro|K)rtional  output  at  less  development  coat  per  horsepower. 

ection  of  one  dam  would  also  consolidate  and  cheapen  construction  and  sul>- 
il)erati<m  of  the  plants,  but,  most  of  all,  such  a  dam  would  create  a  storage 
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reservoir  20  mil^e  long,  averaging  more  than  one-half  mile  in  width,  from  which 
upward  of  5,000,000,000  cabic  feet  of  water  would  be  available  without  affecting  speed 
of  water-wheel  machinery  where  proper  size  wheels  are  installed,  as  noted  later  on. 


Fio.  4.— ^TroflB  section  of  Tallapoosa  River  at  Cherokee  dam  site. 

This  vast  quantity  of  stored  water  would  be  available  to  bridge  over  low- water  periods, 
jCreatly  increasing  the  power  possible  to  derive  from  the  actual  flow  of  the  river. 
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The  combination  of  advantages  at  the  Cherokee  dam  site  is  very  Interesting.  The 
section  for  the  dam  is  extremely  narrow  for  so  large  a  river,  being  less  than  400  feet 
from  anchorage  to  anchorage  in  solid  granite  hills.    The  contour  of  these  hills  permit 


Contour  interval  lo  feet 


Fio,  5.— Plan  of  proposed  development  of  Tallapoosa  River  at  Cherokee  power  site. 

the  80-foot  elevation  to  continue,  and  thus  increase  the  spillway  at  little  cost,  and 
sufficient  for  all  flood  stages  of  the  river. 

The  bed  of  the  stream  at  this  section  in  free  from  lx)wlders  or  deposit,  and  offers  a 
clean  rock  foundation  to  build  upon. 
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The  shApe  of  the  river  at  this  point,  with  reference  to  it8  f<harp  bend,  penniti*  plar- 
ing  the  power  house  well  away  from  the  spray,  flood  water,  and  other  bad  features  of 
location  at  main  dam,  and  slight  excavation  will  form  a  forebay  connecting  main  dam 
with  power  honse. 

This  narrow  section,  so  favorable  for  a  short,  high  dam,  widening  of  the  river 
immediately  below — ^to  more  than  2,000  feet — thereby  releasing  AcmkI  water,  ideal 
location  for  a  power  house,  and  the  vast  storage  created  by  erecting  a  high  dam 
asBires  a  power  development  of  magnitude  and  at  less  cost  per  horse  power  per  year 
thin  water  is  now  sold  in  many  localities  simply  as  hydraulic  power  in  the  canal, 
where  mannfactorers  install  and  operate  their  own  head  and  race  work,  power  house, 
water  wheel  lav  oat,  and  electrical  machinerv. 

MATBRIAL. 

Adjacent  to  this  water  power  there  is  abundant  timber  of  first  quality  for  coffer- 
damming,  cribbing,  and  all  timber  work.  The  hills  on  both  banks  are  a  masH  of 
^nite,  or  rather  gneiss,  which  is  durable  and  w^orkable  and  can  be  quarried  high 
above  the  river  for  cheap  and  rapid  handling  by  gravity  tram  cars,  (*onveyors,  cable 
waj's,  etc. 

TRANSPORTATION. 

The  State  of  Alabama  and  this  part  especially  is  well  covered  by  railroads.  One 
of  the  main  lines  from  the  Birmingham  district  to  the  Atlantic  Seaboard  passes  near 
this  water-power  property.  This  railroad  can  be  reached  by  a  spur  track  <*r  by 
utilizing  the  reservoir  for  water  transportation  to  connect  with  the  main  line  at  its 
river  eroesing. 

LABOR. 

There  is  labor  of  two  kinds — negroes,  adapted  to  all  construction  work,  and  native 
whites  for  work  requiring  intelligent,  persevering  application. 

In  building  the  dam  and  on  all  work  of  a  general  development  nature,  negro  lalK>r 
can  be  employed  at  low  cost  to  do  good  work,  under  proper  white  direction.  The 
native  white  comes  from  a  line  of  early  settlers — sturdy  stock,  who  lai<l  well  the 
foundation  of  thrift,  law  and  order. 

HKALXB. 

The  location  of  this  water  power  is  in  that  part  of  the  South  noted  for  its  health- 
folnes.  It  is  on  an  upland  formation  generally  known  as  the  Piedmont  Plateau, 
which  is  well  drained,  has  a  considerable  elevation  above  sea  level,  produces  well, 
and  offers  every  condition  desired  for  successful  home  building. 
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RIVER   DATA. 

Mean  monthly  dijichargej  in  second-feet^  of  Tallapoosa  River  at  MUstead  and  Sturderant. 


Month. 


At  Sturdevant. 


January . . . 
February . . 

March 

April 

May 

June 

July 

August  . . . 
September 
October  . . . 
November 
December 


2,426 
1,912 
2,313 
5,784 
1,493 
1,314 
2,493 
7,418 
2,637 
7,280 
6,049 
5,741 


The  year 3,902 


8,417 

15,688 

12,399 

9,016 

3,351 

2,040 

4,985 

2,222 

984 

1,014 

1,787 

4,728 


3,728 
12,950 
10,208 
9,016 
3,718 
8,317 
5,405 
2,814 
4,975 
3,787 
4,224 
6,475 


5,553  I    6,301 


1902. 


11,476 
10,440 
8,374 
12,020 
6,440 
5,976 
3,398 
5,904  I 
3,137 
2,364 
1,855 
8,282 


6,639 


4,550 

6,288 

9,708 

5, 677  ! 

3,240  ! 

1,544 

1,004 

1,298 

1,255 

1,180  ' 

2,011 

4,412 


1903. 

3,140 
9,500 
8,000 
7,170 
5,750 
4,800 
3,140 
2,830 
1,100 
910 
1,300 
1,410 


3,514 


4,070 


Several  miles  above  the  Milstead  gaging  station  Tallapoosa  River  leaves  a  granite 
bed  and  enters  a  younger  formation.  Milstead  is  on  this  younger  formation  and  the 
river  there  runs  over  a  bowlder  and  gravel  bed— debris  washed  from  the  mountain 
formation  above. 

Measurements  and  observations  made  during  low-water  periods  demonstrate 
beyond  question  that  the  part  of  the  river  flowing  over  a  granite  bed  shows  a  greater 
volume  than  on  the  bowlder  gravel  formation. 

There  is  still  another  reason  why  the  Milstead  record  is  inaccurate,  for  low  water, 
at  present: 

Where  there  are  impounding  dams  above,  the  beginning  of  a  day's  operation  could 
not  bring  the  river  to  its  normal  flow  and  reac*h  the  Milstead  gage,  many  miles  below, 
by  8  a.  m.,  the  time  prescribed  for  daily  observation,  the  Milstead  gage  being  read 
at  the  time  that  over-night  impounding  operations  would  be  seriously  felt.  Espe- 
cially is  this  the  case  since  the  completion  of  the  two  large  dams  in  1902,  at  and 
near  Talassee,  7  and  9  miles,  respectively,  above  Milstead. 

A  gaging  station  was  located  later  at  Sturdevant,  upon  the  granite  formation,  which 
shows  more  water  at  low-water  stages  in  1902  and  1903  than  the  Milstead  gage  40 
miles  below,  having  1,340  square  miles  more  drainage  area  than  the  Sturdivant 
station. 

The  United  States  Geological  Survey  has  abandoned  the  Milstead  gage  as  unrelia- 
ble for  low- water  records.  (See  Water-Supply  and  Irrigation  Paper  No.  83,  pp.  135 
and  137). 

Records  at  Milstead  for  four  years  are  given  in  this  report.  They  are  correct, 
except  as  to  low  water,  as  explained.  The  Sturdevant  records  are  given  for  the  past 
two  vears.  This  new  river  station  is  a  satisfactorv  location,  but  is  above  the  Chero- 
kee  power  site,  and  so  far  above,  that  the  drainage  area  is  materially  reduced.  The 
discharge  for  the  (Cherokee  dam  site  can  be  estimated,  approximately,  by  adding 
one-fifth  to  one-third,  varying  with  river  stage,  to  the  discharge  for  Sturdivant. 
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Cost  of  developing  the  Cherokee  ami  Seago  water  jtowers  as  a  combined  property. 

3Iain  tlam,  containiDg  60,000  cubic  yards  of  rubble  maaonry,  at  $5  per  cubic 

vard $300,000 

Other  masonry,  excavating,  and  tailrace 60, 000 

1  lead-gates,  feeders  and  draft  tubes,  machinery  founilations,  and  power 

house 100,000 

Water  wheels,  total  capacity  42,000  horsepower,  complete  with  governors, 

relief  A'alves,  and  two  exciter  units,  all  set  up  to  operate 175, 000 

(This  difference  between  water  wheel  and  generator  capacity  is  a  reserve 
re<|uired  to  maintain  speed  of  wheels  where  storage  is  used  with  conse- 
quent reduction  of  head. ) 
Klectrical  installation,  total  capacity  22,500  kilowatts,  with  exciters  and 

Hwitchboards,  all  set  up  to  operate 225, 000 

Legal  and  incidental 50, 000 

Contingencies 50, 000 

Total  development  cost ©50, 000 

Cost  of  Cherokee  and  Seago  power  sites,  riparian  and  charter  rights,  and 
lands  required  for  reservoir  (approximately  15,000  acres),  all  controlled 
by  the  Cherokee  Water  Power  Corporation 250, 000 

Actual  development  cost 950, 000 

Total  investment  cost 1,200,000 

Total  development  cost  per  horsepower. 

Electrical  power,  constant  load  at  full-rated  capacity  twenty-four  hours  per  day, 
three  hundred  and  sixty-five  days  per  year,  river  discharge  supplemented  by  stor- 
age based  on  the  records  of  the  United  States  Geological  Survey  station  at  Milstead 
and  Sturdivant. 

Minimum  water  and  storage,  12,500  horsepower $76. 00 

Normal  water  and  storage,  20,000  horsepow^er 47. 50 

Onllnary  river  stages  and  storage,  available  the  greater  part  of  the  year  and 
generally  whole  years  together  (see  discharge  tables,  a  part  of  this  re- 
port), 30,000  horsepower 31. 66 

Total  investment  cost  per  horsepower. 

Electrical  power,  constant  load  at  full-rated  capacity,  twenty-four  hours  per  day, 
three  hundred  and  sixty-five  days  per  year.  River  discharge  supplemented  by 
storage. 

Minimnm  water  and  storage,  12,500  horsepower $96. 00 

Normal  water  and  storage,  20,000  horsepower 60.  (X) 

Ordinary  river  stages  and  storage,  available  the  greater  part  of  the  year  and 
generally  whole  years  together  (see  discharge  tables,  a  part  of  this  report), 
30,000  horsepower 40. 00 

Operating  expense. 

Inter^t  at  5  per  cent  on  $1,200,000 $60,000 

Depreciation  (estimated  on  proportion  of  investment  subject  thereto) 40, 000 

Total  fixed  chaiiges 100, 000 

Actual  operating 25, 000 

Maintenance  and  miscellaneous 25, 000 

Total  operating 150,000 
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Total  aperaJdng  cost  per  Jiorsepower, 

Electrical  power,  constant  load  at  full-rated  capacity,  twenty-four  hours  per  day, 
three  hundred  and  sixty-five  days  per  year.  River  discharge  supplemented  by 
storaee. 

Minimum  water  and  storage,  12,600  horsepower $12. 00 

Normal  water  and  storage,  20,000  horsepower 7. 50 

Ordinary  river  stages  and  storage,  available  the  greater  pajt  of  the  year  and 
generally  whole  years  together  (see  discharge  tables,  a  part  of  this  report), 
30,000  horsepower 5.00 

The  available  power,  as  will  be  seen  by  the  foregoing,  is  based  on  a  constant  full 
load  twenty-four  hours  per  day,  three  hundred  and  sixty -five  days  per  annum,  which 
conditions  are  not  met  with  in  practice. 

Power  for  industrial  purposes,  such  as  cotton  mills,  would  be  used  ten  to  twelve 
hours  per  day  on  working  days,  or  three  hundred  and  eight  days  per  year.  Some 
requirements,  such  as  general  lighting  and  traction  work,  would  represent  a  fluctu- 
ating demand,  while  other  power  of  large  and  small  units  would  be  intermittent  in 
character. 

This  means  that  in  supplying  power  on  a  large  scale  for  commercial  purposes, 
water  requireil  for  propulsion  would  be  at  a  less  ratio  than  full  load  and  for  less  than 
full  time,  and  therefore  there  would  be  available  for  such  fluctuating  load  water  in 
excess  of  that  required  to  maintain  the  maximum  or  peak  of  that  load  on  a  constant 
basis. 

Therefore,  under  actual  conditions  of  power  supply,  assuming  maximum  load  from 
5  p.  m.  to  11  p.  m.,  minimum  from  11  p.  m.  to  5  a.  m.,  a  morning  peak  from  5  a.  ni. 
to  8  a.  m.,  and  a  normal  power  load  the  remainder  of  the  day— 8  a.  m.  to  5  p.  m. — 
there  would  be  available  at  the  various  river  stages  for  such  periods  of  demand  the 
following  net  power: 

Horsepower  atnilable  at  proposed  Tallapoosa  River  dam. 


Minimum  water  and  storage 

Normal  water  and  storage 

Ordinarv  river  stages  and  storage, 
available  the  greater  part  of  the 
year  and  generally  whole  years  to- 
gether (see  river  data,  a  part  of 
this  report) 


5  p.  m.  to 
11  p.  m. 


25,000 
40,000 


60,000 


11  p.  m.  to 
5  a.  m. 


3,750 
6,000 


9,000 


5  a.  m.  to 
8  a.  m. 


12,500 
20,000 


30,000 


A  a.  m.  to 
5  p.  m. 


10,000 
16,000 


24,000 


Total  honie- 

power» 

noure. 


300,000 
480,000 


720,000 


LOCATION   OF   POWER  WITH    RESPECT  TO   INDUSTRIES. 


Alabama  ranks  high  in  extent  of  production  and  quality  of  its  cotton,  for  cotton 
mills;  in  wealth  of  native  timber,  for  paper  making;  in  vast  and  varied  mineral 
resources,  for  smelting,  fusing,  and  refining;  and  for  laws  of  extreme  favor  to  capital 
and  industry,  promoting  and  protecting  industrial  effort. 

The  total  output  of  this  plant  can  conveniently  and  profitably  be  utilized  for  either 
of  the  three  principal  industries — cotton  mills,  carbide  production,  or  manufacture  of 
aluminum,  or  for  such  combination  of  the  different  lines  offered  as  might  give  flexi- 
bility to  the  operation  of  a  hydraulic  plant  and  stability  to  a  power  company's 
income. 
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d  it  be  deemed  expedient  to  disregard  the  advantage  so  apparent  in  utilizing 
?er  where  produced,  in  order  to  reach  a  present  market,  the  total  output  t^an 
mitied  to  the  city  of  Birmingham  and  the  Birmingham  difltrict,  which  can 
every  foot-pound  of  energy  delivered. 

BIG  SANDY  CREEK  NEAR  DADBVILLE. 

s  station,  which  wan  established  by  J.  K.  Hall,  August  2,  19<K), 
is>  Aoeated  about  4i  miles  southwest  of  Dadeville,  at  the  highway 
bridge  on  the  Dadeville-Susanna  road.  The  gage,  which  is  graduated 
to  feet  and  tenths,  is  16  feet  high,  and  is  fastened  vertically  to  the  first 
pier  on  the  north  side  of  the  creek.  The  initial  point  of  sounding  is 
at  the  gage  rod.  The  section  is  good  for  ordinary  or  flood  measure- 
ments, but  is  rather  wide  and  shoaly  for  low-water  measurements. 
The  latter  can,  however,  be  made  a  short  distance  from  the  gage.  The 
station  was  discontinued  December  31, 1901.  During  1900  the  follow- 
ing measurements  were  made  by  James  R.  Hall: 

Jalv  6:  Gage  height,  1.20  feet;  discharge,  260  second-feet. 
Aognst  8:  Ghige  height,  1. 00  foot;  discharge,  110  second-feet. 
August  8:  Gage  height,  1.00  foot;  discharge,  116  second-feet 
AugiKt  25:  Gage  height,  1.35  feet;  dischai^ge,  281  second-feet 
November  16:  (vage  height,  1.10  feet;  disc^harge,  155  second-feet. 
December  31:  Gage  height,  2.00  feet;  discharge,  870  second-feet. 

The  measurements  of  August  8  and  November  16  were  made  a  half 
mile  below  Smith's  biidge. 
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DaUs  gage  htigM,  in  feel,  of  Big  Sandy  Greek  war  badeviUt^ 
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Jiatijig  tablffor  Big  Sandy  Creek  near  DaderilU  for  1900  and  1901. 


Gflce 
he^t 

Discharge. 
,  Setond-Jert. 

1 

Guge 
height 

Disehaige. 

Skcond'fe€t. 

height 

F«r. 

Discharge. 
Serond-fret. 

Gage 
height 

Frfi. 

DtarharcF. 

¥M. 

Feet. 

Sreond-Jni. 

0.8 

!            67 

4.4 

1,868 

8.0 

3,740 

'     11.6 

5,  «12 

.9 

85 

4.5 

1,920 

8.1 

3,792 

11.7 

5 

,664 

1.0 

115 

4.6 

1,972 

8.2 

«>,  O'l'l 

'     11.8 

5 

,716 

1.1 
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4.7 
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8.3 

3,896 

1     11.9 

5 

,768 

1.2 
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6 
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1.3 
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4.9 
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8.5 
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t     12. 1 

1 

5 

,872 

1.4 
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8.6 
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5 
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5 
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1 
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6 

,028 
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6 

,080 
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6 
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l.<- 
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4, 312 

12.7 

1 

« 

,184 

2.0 

620 

5.6 

1 

2,492 

9.2 

4,364 

.     12.8 

6 

,236 

2.1 

672 

5.7 

2,544 

9.3 

1 

4,416 

12.9 

« 

,288 

2.2 

724 

5.8 

2,596 

9.4 

4,468 

13.0 

6 

,340 

2.3 

776 

1      5.9 

2,W8 

9.5 

4,520 

13.1 

« 

,392 

2.4 

828    I 

6.0 

2,700 

9.6 

4,572 

13.2 

6 

,444 

2.5 

880 

6.1 

2,752 

9.7 

4,624 

13.3 

6 

,496 

2.6 

932 

6.2 

2,804' 

9.8 

4,676 

13.4 

« 

,548 

2.7 

984     1 

6.3 

2,  aw 

9.9 

4,728 

13.5 

« 

,600 

2.8 

1,036 

6.4 

2,908 

'           1 

10.0 

4,780 

13.6 

6 

,652 

2.9 

1,088 

6.5 

2,960 

10.1 

4,832 

13.7 

« 

,704 

3.0 

1,140 

6.6 

3,012 

10.2 

4,884 

13.8 

6 

,756 

3.1 

1,192 

6.7 

3,064 

10.3 

4,936 

13.9 

« 

,808 

3.2 

1,244 

6.8 

3,116 

10.4 

4,988 

14.0 

6, 

,860 

3.3 

1,296 

!      6.9 

3,168 

10.5 

5,040 

14.1 

«, 

,912 

3.4 

1^348 

7.0 

3,220 

10.6 

5,092 

14.2 

« 

964 

3.5 

1,400 

7.1 

3,272 

10.7 

5,144 

14.3 

,016 

3.6 

1,452 

7.2 

3,324 

10.8 

5,196 

14.4 

,068 

3.7 

1,504 

7.3 

3,376 

10.9 

5, 248 

14.5 

7, 

,120 

3.8 

1,556 

7.4 

3,428 

11.0 

5,300 

14.6 

7, 

172 

3.9 

1,608 

7.5 

1 

3,480 

11.1 

5, 352 

14.7 

•^ 
'] 

,224 

4.0 

1,660 

7.6 

3,532 

11.2 

5,404 

14.8 

276 

4.1 

1,712 

7.7 

3,584 

n.3 

5,456 

14.9 

1 

328 

4.2 

1,764 

,       7.8 

3,636 

I     11.4 

5,508 

1     15.0 

•  1 

380 

4.3 

1,816 

7.9 

1 

3,688 

1 

11.5 

5,560 

1 

ISR 
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[no.  107. 


EsliTnated  montfUy  discharge  of  Big  Sandy  Creek  near  Dademlle. 

[Drainage  area,  195  square  miles.] 


January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


Month. 


August 

September 
October  ... 
November 
December 


1900. 


1901. 


The  year 


DlachaiKe  in  second-feet. 


Maximum. 


655 
3,150 
2,670 

870 
3,870 


880 
2,700 
6,392 
3,428 
3,220 
2,492 

516 
2,180 

620 
1,764 

115 
10,500 


10,500 


Minimum. 


80 

80 

80 

110 

150 


308 

282 

256 

334 

230 

178 

152 

115 

67 

045 

67 

85 


Mean. 


045 


207 
355 
264 

261 
560 


425 
545 
552 
689 
480 
523 
227 
369 
257 
462 
92 
1,265 


490 


Run-off. 


Second-feet 

per  rauare 

mile. 


1.06 
1.82 
1.35 
1.34 

2.87 


2.51 


Depth  in 
inches. 


1.22 
2.03 
1.56 
1.50 
3.31 


2.18 

2.51 

2.78 

2.90 

2.83 

3.26 

3.53 

3.94 

2.46 

2.84 

2.68 

2.99 

1.16 

1.34 

1.89 

2.18 

1.32 

1.47 

2.37 

2.73 

.47 

.52 

6.49 

7.48 

34.16 


a  See  footnote  under  gage  heights  for  1901. 
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Kd  honepower  per  fool  of  fall  with  a  turbine  efficiency  of  SO  per  cent  for  ihe  minimum 

monthly  discharge  of  Big  Sandy  Creek  near  DadeviUe. 


1900. 


Minimum 
diachafi^e. 

Minimum 
net  bone^ 
power  per 
foot  of  fall. 

Duration 
of  mini- 
mum. 

Jannarv , . 

Senmd-feet. 

Day9. 

Februarv ' 

March 

April 

Mav ' 

June 

July 

Aosust 

80 

80 

80 

110 

150 

7 

4 

^mWTT    ..........      .... 

September 

7  '            1 

October 

7               3 

November 

10 
14 

1 

December 

5 

1 

1901. 

Minimum 
diflchAXKe. 

Minimum 
net  hoFNe- 
power  per 
foot  of  foil. 

Duration 
of  mini- 
mum. 

1 

Seeand-ffH. 

nay: 

308  1               28 

7 

282  j              26 

2 

256 

23 

3 

334 

30 

6 

230 

Zl 

1 

178 

16 

2 

152 

14 

9 

115 

10 

2 

67 

6 

1 

«45 

«4 

1 

67 

« 

3 

85 

8 

2 

oSee  footnote  under  gage  helght§  for  1901. 


POWERS  ON   BIG  SANDY  CREEK. 

EUnaHonB  of  bench  m€Krk9  and  water  surface  along  Big  Sandy  Creek  between  its  mouth 

and  the  new  bridge  near  DadeviUe. 


Din- 
tanoe 
above 

Bioath. 


MOa. 
0.0 
.0 

.a5 

.95 
1.06 

L52 
1.89 
2.22 
2.56 
2.56 
3.79 

3.79 
5.02 


Location. 


Bench 
marks. 


Ftet. 
398.08 


Bench  mark  No.  150,  dead  stamp  at  mouth  of  creek 

Water  soiface  at  mouth  of  Big  Sandy  Creek 

Water  suilaoe  below  Pace's  dam 

Water  surface  above  Pace's  dam 

Bench  mark  No.  160,  big  pine  on  north  side,  1 75  feet  above  I 
Paee's  bridge i  422.30 

Creek  surface ' 

At  point  of  Ivy  Bend ' 


Bench  mark  No.  162,  large  walnut  at  Tucker's  house 
Bench  mark  No.  163,  small  oak  at  Tucker's  fish  trap. 
Water  surface  above  Tucker's  fish  trap 


503.85 
432. 85 


I 
Bench  mark  No.  164,  large  sycamore  at  mouth  of  Lowry  < 

Branch ;  445.20 

Water  surface  at  mouth  of  Lowrv  Branch ' 


Bench  mark  No.  166,  oak  post  at  north  end  of  Smith's 
brid^ ^r,.,.^,..,. r..p 


463.95 


Water  sur- 
face. 


Fett. 

393.80 
402.00 
412. 10 


416.00 
419.00 


430.00 


436.10 
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Elevation  of  bench  marks  and  water  ftwrface  along  Big  Sandy  Creek  between  Us  mmith 

and  the  new  bridge  near  DadevUU — Ck)ntinued. 


Dis- 
tance 
above 
mouth. 


Miles. 
4.92 
5.02 
6.34 

6.34 
6.70 
7.18 
7.44 
7.78 
7.78 

7.98 
8.06 
8.06 
8.29 
8.63 
9.47 
9.91 

9.91 
10. 63 
10.63 

11.10 
12.38 
12.38 

12.38 


Location. 


Bench 
mark. 


Water  sur- 
face. 


Water  surface  at  Smith's  bridge 

Zero  of  United  States  Geological  Survey  gage  at  Dadeville. 

Bench  mark  No.  167,  wahoo  tree  at  mouth  of  Young 
Branch 


PeeL 


440.50 


559. 58 


Ff€i. 
441.70 


Water  surface  at  mouth  of  Young  Branch 446. 50 

Water  surface  at  Barnes  basin 452. 30 

Water  surface  at  foot  of  Black  Shoals 465. 00 

Water  surface  at  top  of  Black  Shoals '  496.30 

Water  surface  at  mouth  of  Buck  Creek '  497. 30 

Bench  mark  No.  168,  small  double  oak  at  mouth  of  Buck  I 
Creek I  503.65 


506.70 


Eddy  water  below  SMiford's  dam 500. 00 

Bench  mark  No.  169,  hickory  at  Sanford*s  mill 522. 10 

Floor  of  Sanford's  mill 514.00 

Water  surface  at  Sanford's  bridge  above  dam 

Water  surface  at  head  of  Sanford's  pond 506.  70 

Water  surface  at  second  shoal  above  Sanford's  pond '    512. 50 

Bench  mark  No.  173,  large  white  oak  near  north  end  of                 , 
Cook's  bridge 539.35  ' 

Water  surface  at  Cook's  bridge 513.  80 

Water  surface  opposite  mouth  of  Chattasofka  Creek '    520. 60 

Bench  mark,  16-inch  water  oak  on  west  bank  of  Chatta- 
sofka Creek,  50  feet  above  mouth 

Water  surface  at  top  of  old  factory  shoal i    540. 15 

Water  surface  at  new  bridge 550. 80 

Bench  mark  on  upstream  end  of  sill  on  west  end  of  new  I 
bridge 562.30 

Bench  mark  No.  176,  6-inch  maple  at  new  bridge 563. 00 


527.20 


The  best  shoal  on  this  creek  is  the  Sanford  and  Black  Shoal,  near 
Dadeville,  which  has  a  fail  of  ^5.8  feet  in  a  distance  of  5.2  miles.  With 
a  dam  54  feet  high  and  a  canal  1,370  feet  long  a  practical  working  head 
of  80  feet  can  be  developed,  having  1  foot  extra  for  grade  of  canal  and 
4  feet  extra  for  storage  at  top  of  dam. 

The  city  of  Dadeville  is  now  developing  the  most  precipitous  part 
of  this  shoal  (December,  1903),  known  as  the  Sanford  Shoal,  and  obtain- 
ing a  power  head  of  40  feet,  by  a  dam  4^  feet  high  and  a  canal  about 
600  feet  long.  The  power  is  to  be  transmitted  about  2  miles  to  Dade- 
ville for  electric  lights  and  other  purposes. 
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HILLABEE  CREEK  NEAR  ALEXANDER,  ALA. 

This  station,  which  was  established  August  20,  1900,  by  J.  R.  Hall, 
is  located  6i  miles  northeast  of  Alexander,  on  the  road  leading  from 
that  town  to  Newsite.  The  gage,  which  is  graduated  to  feet  and  tenths 
and  is  placed  vertically,  is  in  two  sections,  the  short  section,  which 
reads  from  0  to  5.50  feet,  being  fastened  to  a  post  in  the  edge  of  the 
water  on  the  north  bank  20  feet  from  the  upstream  side  of  the  bridge, 
the  long  section,  which  reads  from  5.50  feet  to  16  feet,  being  fastened 
to  the  upstream  end  of  the  first  pier  on  the  north  bank,  and  arranged 
no  that  when  water  rises  above  the  short  section  the  readings  are  made 
from  the  long  one,  both  sections  being  easily  read  from  the  north 
approach  to  the  bridge.  The  initial  point  of  sounding  is  on  the  south 
side  of  the  first  pier  on  the  north  bank.  The  gage  is  referred  to  a 
bench  mark  at  the  top  of  a  chord  on  the  downstream  side  of  the  bridge 
at  the  second  pier  from  the  north  bank,  and  is  27.6  feet  above  the  zero 
of  the  gage.  The  bridge  is  in  three  spans,  having  a  total  length  of  276 
feet,  with  a  north  approach  of  116  feet  and  a  south  approach  of  124  feet, 
making  a  total  over  all  of  516  feet.  The  observer  is  J.  H.  Chisholm,  a 
farmer;  post-ofiSce  address,  Alexander,  Ala. 

The  following  measurements  were  made  by  James  R.  Hall,  M.  R. 
Hall,  and  others: 

Discharge  mecaurements  of  HUlabee  Creek  near  Alexander. 


Date. 


1900. 

AugoBt  29 

November  2S. 

1901. 
January  22... 
September  12 

1902. 
Jnljrl6 


GBge 
height. 

Diflcharge. 

Feet. 

1 
Second-fee . 

1.40 

1S4 

2.00 

390 

2.50 

606 

1.00 

139 

1 

1.12 

1 

1 
169 

Date. 


Gage 
height. 


1903.                 '  Feet. 

May  21 '  2.65 

July24 1.50 

August  21 1.50 

Do 1.50 

Octobers 94 

November  25 1. 15 


Discharge. 

Second-feet. 
766 
212 
205 
213 
84 
114 
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Daily  gage  height^  in  feet,  of  Hillabee  Creek  near  Alexander, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1900. 
1 

2.30 
2.30 
1.60 
1.40 
1.30 
1.20 
1.20 
1.10 
1.10 
1.20 
1.10 
1.10 
1.10 
1.10 
8.10 
5.00 
2.60 
2.20 
1.60 
1.50 
1.50 
1.40 
1.20 
1.30 
1.40 
1.30 
1.40 
1.90 
1.40 
1.30 



1.30 
1.10 
1.10 
1.10 
S.20 
2.00 
2.80 
2.60 
2.40 
2.30 
2.30 
1.80 
1.60 
1.40 
1.40 
1.20 
1.30 
1.30 
1.20 
1.20 
1.20 
1.90 
5.90 
2.90 
2.10 
1.90 
1.80 
1.70 
1.60 
1.50 
1.60 

1.60 

2.60 

6.80 

3.20 

2.20 

1.80 

1.70 

1.70 

1.80 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.60 

1.60 

1.40 

1.50 

1.60 

1.70 

2.10 

1.90 

1.90 

5.10 

2.90 

2.40 

2.00 

1.90 

1.90 


1.90 

2 

• 

1.90 

3 



... 1 

l.HO 

4 

1 

"*" 1 

1.90 

6 ! 1 1 

■ 

1.80 

6   ' 

1 

1.90 

?:::....: i 

1 

1 

1.80 

8 

1  . 

1.70 

9 

1 

1.70 

10 

1 

1.70 

ii:::..:.:: ■ 

1.70 

12 ' 

1.70 

13 

1.80 

14 ' 1 

3.80 

15 : -J 

2.90 

16 

1 

2,80 

17 

1                     "         ' 

2.70 

18 

2.80 

19 

3.00 

20 1 

2.90 

21 ! 

6.00 

22 

4.00 

23 

3.00 

24 

2.90 

25 

•«••«     •'     •     ••     • 

2.90 

26 

1 

2.80 

27 

2.60 

28 

2.50 

29 '-- 

1.40 
1.30 
1.80 

2.50 

80 

5.h0 

31 

5.70 

1901. 
1 

5. 00 
4.90 
4.90 
4.70 
3.90 
3.60 
3.60 
3.40 
2.60 
2.50 
8.00 
7.60 
7.00 
5.90 
4.50 
4.80 
4.00 
3.60 
3.40 
3.00 
2.90 
2.90 
2  80 
2.60 
2.50 
2.60 
2.60 
2.50 
2.40 
2.40 
2.40 

2.40 
2.40 
4.60 
9.40 
6.00 
4.10 
3.60 
3.10 
3.60 
3.00 
2.90 
2.90 
2.80 
3.00 
3.10 
2.60 
2.60 
2.40 
2.60 
2.70 
2.60 
2.40 
2.60 
2.60 
2.50 
2.40 
2.40 
2.40 

2.80 
2.80 
2.40 
2.40 
2.80 
2.20 
2.10 
2.10 
2.10 
2.40 
2.50 
2.80 
2.20 
2.20 
2.30 
2.40 
2.20 
2.20 
2.10 
2.10 
3.00 
2.40 
2.30 
2.80 
2.70 
3.50 
3.00 
2.70 
2.60 
2.70 
6.20 

5.20 
4.40 
4.80 
3.10 
2.90 
2.80 
2.70 
2.60 
2.60 
2.50 
2.50 
2.40 
3.10 
2.90 
2.80 
2.70 
2.60 
2.60 
10.00 
3.20 
3.10 
8.00 
2.90 
2.80 
2.70 
2.60 
2.50 
2.50 
2.50 
2.50 



2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.40 
2.40 
2.80 
2.80 
2.80 
2.20 
2.50 
2.80 
2.50 
2.20 
2.20 
2.10 
2.10 
2.90 
3.80 
2.90 
2.50 
2.60 
2.40 
8.90 
2.80 
2.60 
2.50 
2.30 
2.90 

2.50 
2.40 
3.00 
2.50 
2.50 
2.60 
2.50 
2.50 
2.40 
2.40 
2.30 
2.00 
2.10 
2.00 
2.00 
1.90 
2.20 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.60 
1.70 
1.70 
1.80 
1.80 
1.70 
2.^ 

2.60 
2.50 
2.40 
2.30 
2.00 
1.80 
2.90 
2.10 
1.80 
1.80 
1.70 
1.60 
1.50 
1.40 
1.30 
1.40 
1.30 
3.40 
2.20 
1.80 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.40 
1.60 
1.40 
1.40 
2.00 

1.80 
1.40 
1.40 
1.20 
1.10 
1.10 
1.10 
1.00 
1.20 
1.20 
1.10 
1.10 
1.20 
1.60 
2.10 
4.40 
2.90 
2.00 
2.00 
4.00 
4.10 
8.40 
3.10 
2.90 
2.20 
2.20 
2.10 
3.80 
3.60 
3.40 
3.00 

2.60 
2.00 
1.40 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.20 
2.50 
2.40 
2.40 
2.00 
1.80 
1.60 
1.40 
1.20 
1.40 
1.20 
1.10 
1.10 
1.20 
2.10 
1.60 
1.40 
1.20 



1.20 
1.20 
1.10 
1.10 
1.10 
1.20 
1.40 
1.20 
1.20 
1.20 
1.60 
2.00 
2.90 
1.60 
1.40 
1.20 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.80 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.30 
1.90 
1.80 
1.80 
1.90 
1.90 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 

1.00 

2 

1.00 

3 

2.00 

4 

1.60 

5 

1.40 

6 

1.20 

7 

1.20 

8 

1.20 

9 

1.20 

10 

1.90 

11 

1  50 

12 

1.40 

13 

1  40 

14  . . « 

2  GO 

16 

S.00 

16 

S.00 

17 

2.80 

18 

2,70 

19 

2  60 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

2.00 
1.50 
1.50 
1.50 
1.60 
1.6U 
1.70 
1.70 
1.80 
11   00 

30 

31 

4.90 

3.yo 
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^>oay ga^  height^  wfeei,  €./  IlUkihee  (>eekiiear  AlfxandfT-V4int\n\iei\, 


^^T'         I  Jbd.  I  Fteb.   /'  Mi 


UQ2. 


■•/ 


5.30 

7.  TO 

8.  TO 
3.00 
2.  TO   I 
2.60 
2.  40   < 
2.10 
2.10    . 
2.00    i 
2.00 
2.00 
1.90 

1.  90    I 
2.(X> 

2.ao  , 

2.  lO 
2.  lO 
2.00 
2.00 
2.10 
2.00 
2.  DO 
COO 
2.20 
2.00 
T.  OO 

12.  SO 


4.00  I 

S.90  . 
'^90 
3.  OO 

8.  SO  1 

8.  60  , 

2.eo 

2.  40 

2.ao  i 

2.30 
2.00    I 

2.  SO    ' 

3.  OO  I 
3- TO 
9.00  I 
3.90  I 
3.  40  < 
3.  lO  * 
3.  OO  I 
3.  90   i 

3.  SO    I 

4.  OO    , 
3.  40 
3.  OO 
3.  OO 
T.OO    , 

14.  OO   I 
H.OO 
4.  lO 
3.90   i 


S.OO 
2.50         2-00 
1.80   I      1-90 
1.80  '      4-00 
1.90   I   16.  SO 

1.90  ' 

1.90   , 

S-OO  » 

2- ID   i ■ 

2.00  ' 

I      LTD   I 

1.70  ' 

1.60   1 

1.60     

1.50   I 

.:>      1.70   . 

.    I      1.80  > 

..I      1.90   . 

...      1.80  I 


2.50 


Wll 


Apr.  j  May.  ,  June,  j  July. 


S.40 

s.ao 

3.00 
3.O0 
3.O0 

2.90 

4.10 

3.40 

3.  2D 

2.  »D 

2.60 

2.60 

2.60 

2.60 

2. -10 

2.40 

2.40 

2.40 

2.30 

2.40 

2.30 

220 

220 

210 

210 

200 

200 

200 

2.00 

200 


a::.:: i-«o 


2.20 
2.10 
2.20 
2.10 
2.70 
2  30 
2.60 
3.10 
2.60 
2.60 
2.20 
2.40 
2.40 
2.80 
2.70 
2.60 
2.  GO 
2.60 
2.70 
11.00 
2.80 
2.80 
2.70 
2.60 
2.20 
2.90 
2.70 
2.70 
2.50 
2.60 


2.20 
2.30 
2.30 
2.30 
2.30 
2.90 
3.10 
2.10 
2.20 
2.60 
2.90 
2.90 
4.60 
4.20 
12.00 
4.60 
3.90 
2.90 
4.80 
2.80 
2.70 
2.60 
2.40 
2.00 
1.90 
1.30 
1.80 
1.80 
1.90 
1.90 
1.80 


2.30 
2.30 
2.70 
2.70 
3.80 
3.60  i 
2.80  I 
2.80  ; 
2.90 
2.80  I 
3.60  i 
2.10  I 
2.00 
2.80 
1.80  ' 
1.70  ' 
1.70  I 
1.70  , 
1.60  , 
1.60 
2.20 
5.90  I 
1.90 
1.80  I 
1.80  , 
3.80  , 
4.00  ' 
3.80  i 
3.60  ' 
3.00  , 


2.40 
2.20 
3.30 
3.30 
2.10 
2.00 
2.00 
2.90 
3.40 
2.40 
2.70 
2.60 
2.20 
2.00 
2.00 
1.90 
1.90 
1.90 
2.20 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.80 
1.80 
1.90 
1.90 
1.80 
3.80 


Aug.     Sept.     Oct. 


3.20 
3.20 
3.00 
3.00 
8.00 
2.80 
2.60 
2.60 
3.30 
4.10 
3.80 
2.10 
2.40 
2.60 
2.80 
2.20 
2.00 
1.60 
1.40 
2.60 
2.40 
2.00 
1.60 
1.40 
1.10 
1.00 
.90 
.90 
.90 
.90 


2.40 
4.00 
4.00 
1.80 
1.80 
2.00 
1.80 
1.70 
2.00 
2.00 


1.60 
1.60 
1.60 


1.00 


I 
Nov.    Dec 


0.90 

.80 

.70 

^60 

3.60 

2.60 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.80 

.30 

1.00 

1.00 

.90 

.90 

.90 

.80 

.70 

.70 

1.80 

1.40 

1.40 

1.60 

1.60 

1.70 


l.UU 

1.) 

1.10 

1.00 

1.10  ! 

1.00 

1.10 

1.00 

1.00 

1.60 

1.00 

1.60 

1.10 ; 

1.80 

1.10 

1.20 

1.10  1 

1.00 

1.00 

1.00 

1.00  i 

1.10 

1.00  < 

1.20 

1.00  < 

1.90 

1.00  ' 

1.20 

1.00 

1.60 

1.00 

1.80 

1.10  1 

1.80 

1.20 

1.70 

1.10  ' 

1.70 

1.00 

1.60 

1.00  ' 

1.20 

1.00 

1.20 

1.00 

1.60 

1.00 

1.60 

1.00 ; 

1.50 

1.00  1 

1.50 

1.00  1 

1.60 

1.00 

1.50 

1.00 

1.60 

1.00  . 

1.20 

1.00 

1.20 

2.80 


1.00 
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Hating  table  for  HiUabee  Creek  near  Alexander  for  1900  and  1901. 


Gage 
hoight. 

Feci. 

DisehaTge. 
Second-feel. 

Gage 
height. 

Discharge. 



Second-feet. 

1 

!     Gage 
'   height. 

I 

j 

\      Fed. 

Dischaixc. 
Second-fed. 

Gage 
height. 

1 
DiiKhazKe. 

Feet. 

Fed. 

Second-feet^ 

1.0 

138 

2.1 

434            3. 2 

918 

4.3 

1,402 

1.1 

116     , 

1 

2.2 

478 

3.3 

962 

4.4 

1,446      ; 

1.2 

156 

2.3 

522 

3,4 

1,006 

4.5 

1,490 

1.3 

169    I 

2.4 

566 

3.5 

1,050 

4.6 

1,534 

1.4 

184 

2.5 

610 

3.6 

1,094 

4.7 

1,578 

1.5 

204 

2.6 

564 

3.7 

1,138 

4.8 

1,622 

1.6 

230 

2.7 

698 

3.8 

1,182 

4.9 

1,666 

1.7 

263 

2.8 

742 

3.9 

1,226 

5.0 

1,710 

1.8 

303     1 

2.9 

786 

4.0 

1,270 

1.9 

346 

3.0 

830 

4.1 

1,314 

2.0 

390 
Rating 

3.1 

tciblefor 

Gage 
height. 

Fed. 

874 

4.2 

1,358 

• 

HUlabee  Cri 

lek  near  A 

lexanderfn 
Discharge. 

r  190ii. 

Gage 
1    height. 

1 

Fed. 

Gage 
height. 

Discharge. 
(■iecond-feet. 

Discharge. 

Second-fed. 

Gage 

height. 

Fed. 

Di8chanre. 

Feet. 

Second-fed. 

Second-fed. 

0.8 

125 

2.2 

478 

3.6 

1,094 

5.0 

1,710 

1.0 

138 

2.4 

566 

3.8 

1,182 

6.0 

2,150     , 

1.2 

156 

2.6 

654 

4.0 

1,270 

7.0 

2,590 

1.4 

184 

2.8 

742 

4.2 

1,358 

8.0 

3,030 

1.6 

230 

3.0 

830 

4.4 

1,446 

9.0 

3,470 

1.8 

303 

3.2 

918 

4.6 

1,534. 

10.0 

3,910 

2.0 

390 

3.4 

1,006 

1 

4.8 

1, 622 

1 

11.0 

4,  aw 

Rating 

'  table  for 

Hillobec  Creek  near  A 

Uwander  foi 

r  190S. 

Gage 
height. 

Discharge- 

Gage 
height. 

:      Fcfi. 

Di«>harKC.       .Q^-- 

Discharge. 

Second-feet. 

Gage 
height. 

f^d. 

Discharge. 

Feet. 

Sermul-feet. 

Sec(md-fret. 

Feet. 

Semnd-fcf  t. 

0.90 

80 

•     2.00 

425          3.  10 

1 

920 

4.20 

1,415 

1.00 

90 

2.10 

470 

3.20 

965 

4.30 

1,460 

1.10 

106 

1     2.20 

515          3.30 

1,010 

4.40 

1 ,  505 

1.20 

126 

2.30 

560 

3.40 

1,055 

4.50 

1,550 

1.30 

150 

2.40 

605 

3.50 

1,100 

4.60 

1,595      , 

1.40 

178 

2.50 

650 

,     3.60 

1,145 

4.70 

1,640 

1.50 

210 

2.60 

695          3. 70 

1,190 

4.80 

1,685 

1 .  60 

248 

2.70 

1 

740 

1     3.80 

1,235 

1     4.90 

1,730 

1.70 

2<^0 

2.80 

785 

3.90 

1,280 

1.80 

:i;i5 

:     2.90 

830          4. 00 

1 

1,325 

1 

1.90 

380 

3.00 

875     ' 

[ 

4.10 

1,370 

1 
1 

I 

1 

Hau.] 
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EtUmaUd  monthly  discharge  of  WlUihee  Creek  near  AUxandtr. 

[Drainage  area.  214  nquare  miles.] 


Month. 


1900. 


September. 
0*  t<>ber  . . . 
November , 

December  . 


1901. 

January 

February 

.Mait'h 

April 

Mav 

June 

July 

August 

September 

<  N-tober 

Xuvember 

December 

The  year  . . . 


1902. 


January  

February . . 

Marc-h 

April 

May 

June 

Jnly 

.\ugust 

September 

*'>ctober 

November 
December 


The  year 


Diachar^e  In  t«cond-feet. 

Run-off. 

1 
Maximuin.  < 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
incheK. 

1 

3,074 

1 
146 

370 

1 
1.73  1 

1.93 

2,106 

146 

387 

1.81 

2.09 

2,502 

184 

J 

471 

2.20 

2.45 

2,160  1 

263 

.        I 

716 

1 

3.35 

1 

3.H6 

1 

1 

3,030 

566 

1 
1,198 

5.60 

6.46 

3,646 

566 

920 

4.30 

4.48 

1,798 

434 

617 

2.88 

3.32 

3,910 

566  ; 

911 

4.26 

1 

4.75 

1,226 

434 

624 

2.92  j 

3.37 

830 

230 ; 

439  ! 

2.05 

2.29 

1,006  ' 

169 

357 

1.67  ' 

1.93 

1,446 

138 

1 

535 

2.50  . 

1 

2.89 

654  ' 

138 

249 

1.16 

1.29 

786 

138 

181 

.a5 

.98 

169 

138  ! 

148 

.69 

.77 

4,350 

138 

526 

2.46 

2.84 

,        4,350 

138  ' 

559 

2.61 

1 

35. 37 

1,138 

230 

s 

459 

2.14 

2.47 

5, 010 

346 

854 

3.99 

4.15 

5, 670 

390 

1,284 

6.00 

6.92 

1,314 

390 

647 

3.02 

3.37 

390 

230 

1 

294 

1.37 

1.58 

263 

125 

186 

.87 

.97 

1            169 

120 

137 

.64 

.74 

1,094 

120 

182 

.85 

1 

.98 

1,094 

125 

254 

1.19 

1.33 

1,314 

131 

525 

2.45 

2.82 

1,094 

120 

• 

213 

1.00 

1.12 

2,150 

230 
120 

569 

2.66 

3.07 

5,670 

467 

2.18 

29.52 
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FAtiimaied  monthly  discharge  of  Hillabee  Creek  near  Alexander — Continued. 

Run-off. 


Month. 


Discharge  in  second-feet. 


Maximum. 


t 


Minimum. 


Mean. 


St*cond- 

fcct  per 

square 

mile. 


Depth  in 
inche». 


1903. 
January  

Febniary  1  to  8  . . . 

March  22  to  81 ... . 

April 

May  ' 

June 

July 

August. 

September 

October 

November 

December , 


1,325 


210 


The  vear 


4,475 

4, 925 

2,180 

1,235 

1,325 

785 

126 

380 

380 


470 

335 

248 

335 

178 

90 

90 

90 

90 


479 

2.24 

2.58 

« 1,333 

«6.23 

«l.So 

&992 

«»4.64 

'       «>L72 

796 

3.72 

4.15 

865 

4.04 

4.66 

739 

3.45 

3.  85 

547 

2.56 

2.  as 

393 

1.84 

2.12 

2^)8 

1.39 

1.55 

95 

.44 

.51 

173 

.81 

.90 

133 

.62 

.71 

«  8-day  period. 


b  10-day  period. 


Net  hor»e}}mver  per  foot  of  fall  with  a  turbine  efficiency  of  80  per  cent  for  the  minimum 

monthly  discharge  of  Hillabee  Creek  near  AUxander. 


Month. 


Mini- 
mum dis- 
charge. 


January  . , 
February  . 

Marcli 

April 

May 

June 

July 

August 

S<^pteml)er 
October . . . 
Novenil)er 
Decern  I  )er. 


Src.-ft. 
566 
566 
434 
566 
434 
230 
169 
138 
138 
138 
138 
138 


Mini- 
mum 
net 
horwe- 
power 
per  foot 
of  fall. 


Dura- 
tion of 
mini- 
mum. 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall 


Dura- 
tion of 
mini- 
mum. 


51 
51 
39 
51 
39 
21 
15 
13 
13 
13 
13 
13 


Day*. 
3 


21 
31 

:« 

35 
21 
11 
11 
11 
11 
12 
11 
21 


Dai/9. 

5 
o 

id 
1 

5 
6 
1 
9 
8 
4 
4 
3 
3 


Mini- 
mum dis- 
charge. 


1908. 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall 


Src.Jt. 

210 

«210 

''785 

470 

3:^5 

248 

335 

178 

90 

90 

90 

90 


Dura- 
tion of 
mini- 
mum. 


I 


19 

19 

71 

43 

30 

23 

30 

16 

8 

8 

8 

8 


Day*. 


1 

1 

1 
•> 

1 

3 
»> 

3 
22 

5 


"  Ket'ord  for  only  7  days  in  month. 


b  Rei'ord  for  only  10  days  in  month. 


HJlLl-j 
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TRIBUTARIES  OF  TALLAPOOSA  RIVER  ABOVE  MILSTEAD. 


Side. 


Stream. 


Point  on  Htream. 


Left.. 


Right  .. 

Left 

Right  .. 

Left..-. 


I 


Right  .. 


Left.... 

Right  .. 

Left.... 
Right  . . 

Left.... 


Right  .. 


Uphapee  Creek Mouth  of  creek 

do Chehaw,  Ala 

Soagahatchee  Creek . . .    Mouth  of  creek 

Cedar  Creek do 

Wind  Creek do 

Kowaliga  Creek do 

do Kowaliga,  Ala 

Blue  Creek ,  Month  of  creek 

I 

Big  Sandy  Creek do 

do '  Smith's  bridge 

Elkhatchee  Creek <  Mouth  of  creek 

Hillabee  Creek ■ do 

do Chisholme's  bridge. . . 

Emuckfaw  Creek ,  Mouth  of  creek 

Cohnafianocaa  Creek do 

High  Pine  Creek do 

Hurricane  Creek do 

Comhouse  Creek do 

Crooked  Creek i do 

Fox  Creek do 

Little  Tallapoosa  River.   Mouth  of  river 

do Alabama-Georgia 

'      State  line. 

Tallapooea  River Above    Little    Talla- 
poosa River. 

Ketchepedrakee  Creek .   Mouth  of  creek 

Cane  Creek do 

Muscadine  Creek do 


Not  home- 
jKRtiinat^' DMwer  per 
Drainage  <dlfi(*hanri'  Uiot  of  fall 
area.       low  water!  on  80  per 
1900-1901. 1  cent  tur- 
bine. 


TallapooMi  River Alabama- Georgia 

State  line. 


Sq.  miles. 
450 

360 

240 

55 

25 

135 

115 

60 

200 

1»5 

75 

220 

214 

78 

70 

82 

14 

72 

95 

37 

590 

311 

767 

49 

55 

36 

302 


Srr.-Jt. 
45 

40 

48 

14 

8 

40 

35 

20 

70 

67 

37 

141 

i:^ 

46 
42 
49 
8 
43 
57 
22 

a>4 

186 

460 

29 

33 

21 

181 


4.1 

3.6 

4.3 

1.3 

.  t 

3.6 

3.2 

1.8 

6.3 

6.1 

3.3 

12.8 

12.6 

4.2 

3.8 

4.4 

.7 

3.9 

5.2 

2.0 

32.  2 

16.9 

41.8 

2.6 

3.0 

1.9 

16.4 


All  of  these  tributaries  to  Tallapoosa  River  are  in  the  crystalline 
region,  and  have  fine  shoals  all  along  their  courses. 

No  State  or  Government  surveys  have  ever  been  made  to  determine 
their  profiles,  and  it  is,  therefore,  impossible  at  present  to  make  a 
detailed  statement  of  the  water  powers.  The  tabulated  statement 
given  above  shows  discharge  at  certain  places  during  low  season  of 
ordinary  j^ears,  like  1900  and  1901. 
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This  flow  at  any  point,  multiplied  by  the  total  practical  fall  in  feet 
that  can  be  brought  upon  a  water  wheel  on  the  given  stream  at  that 
point  and  divided  by  11,  gives  the  net  available  horsepower  at  that 
point  during  low  season  of  a  year,  like  1900  or  1901. 

From  the  discharge  and  drainage  area  at  a  given  point  can  be  com- 
puted the  discharge  at  other  points  on  the  same  stream  if  drainage  area 
is  known. 

Discharge  measurements  have  been  made  on  these  streams  at  vari- 
ous points,  as  is  shown  by  the  following  list.  As  the  dates  of  these 
measurements  are  given,  the  stage  of  water  as  related  to  minimum 
for  1900-1901  can  be  approximated  by  noting  the  stage  at  regular 
stations  on  the  same  dates. 

}fi9ceUa7i€Ous  discharge  measurements  of  tributaries  of  Tallapoosa  River, 


Date. 

1900. 

Aug.  2 

3 

28 

30 

Det\  12 

1901. 
Feb.  U 
11 
13 
13 
27 

Mar.  5 
11 
12 
12 
12 
12 
13 
13 
13 

13 
13 


stream. 


Sougahatchee  Creek 

Blue  Creek , 

Elkhatchee  Creek. . , 

Timbercut  Creek 

Chattasof  ka  Creek  . 


Wind  Creek 

Sougahatchee  Creek . . 

Blue  Creek 

Channahatchee  Creek 

Kowaliga  Creek 

Emuckfaw  Creek 

Moores  Creek 

Chattahaspa  Creek . . . 
Cohoasanocsa  Creek . . 

High  Pine  Creek 

Beaverdam  Creek 

Comhouse  Creek 

Wild  Cat  Creek 

Tallapoosa  River 


Locality. 


Meader*8  bridge 

Susanna 

Island  Home 

Near  Welche's  ferry 

New  bridge,  near  Dadeville. 


Crooked  Creek.. 
Hurricane  Creek 


Starr's  bridge,  near  Meltons  Mill. 

Lovelady's  bridge,  near  Thaddeus. 

Farrow's  mill,  Susanna 

Freeman's  mill,  Channahatchee.. 

Benson's  bridge,  Kowaliga 

Hamlett's  mill,  Zana 

Near  Dudlevville 

Scott's  mill,  near  Tiller  Crossroads. 

Leverett's  mill,  near  Milltown  . . . 

Lile's  gin,  Happy  Land 

Near  Louina 

Swann's  store,  near  Levelroad  . . . 

Murphy's  mill,  near  Gay 

Below  mouth  of  Little  Tallapoosa 
River,  near  Goldburg. 

Near  Goldburg * . . . 

Near  Almond 


Dis- 
;  chAijpe. 


Sec.-/f. 

125 

34 

1&4 

18 

35 


66 

453 

117 

80 

154 

113 

29 

203 

122 

89 

30 

31 

32 

2,400 

183 
29 
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The  following  discharge  meaBurement  was  made  on  Tallapoosa 
River  near  Tallapoosa,  Ga.,  in  the  year  1902,  by  M.  K.  Hall: 

Jane  2:  Gage  height,  1.30  feet;  dischaige,  114  second-feet. 

COOSA   RIVER  ATO>  TRIBUTARIE8. 

Coosa  River  is  formed  by  the  junction  of  Etowah  and  Oostanaula 
rivers  at  Rome,  Ua.  The  drainage  area  is  4,006  square  miles.  Both 
of  the  tributary  rivers  rise  in  the  northern  part  of  Georgia  and  flow 
for  the  most  part  through  a  hilly,  broken  country,  well  wooded,  about 
one-fourth  of  the  land  being  under  cultivation.  Coosa  River  flows  in 
a  southwesterly  direction  into  Alabama  and  joins  the  Tallapoosa  6 
miles  above  Montgomery,  Ala.,  to  form  Alabama  River. 

The  regular  stations  at  which  measurements  have  been  made  are 
Riverside,  Ala.,  and  Rome,  Ga.,  on  Coosa  River,  and  Nottingham, 
Ala.,  on  Talladega  Creek.  Numerous  miscellaneous  discharge  meas- 
urements have  been  made  at  other  points. 

COOSA  RIVER  AT  RIVERSIDE. 

This  station  is  at  Riverside,  at  the  bridge  of  the  Southern  Railway, 
Georgia  Pacific  division,  across  Coosa  River.  The  river  here  flows 
in  a  southerly  direction,  the  railroad  running  from  east  to  west.  The 
town  of  Riverside  is  on  the  right,  or  west,  bank  of  the  river,  and  the 
railroad  station  is  about  1,000  feet  west  of  the  bridge,  which  is  of  iron 
and  about  30  feet  above  low  water.  Beginning  at  the  left  bank,  there 
are  two  spans  of  154  feet  each;  then  a  drawbridge  220  feet,  revolving 
on  a  large  center  pier;  then  a  stationary  span  80  feet  in  length,  to 
west,  or  right,  bank  abutment.  There  is  no  running  water  at  low 
stages  under  the  last-named  span. 

At  low  water  the  flowing  river  is  480  feet  wide,  including  three  piers, 
and  is  from  4  to  10  feet  deep.  Very  little  of  the  current  is  too  slow 
to  turn  any  meter.  The  channel  is  somewhat  irregular,  as  there  are 
shoals  and  some  old  cribs  just  above  the  bridge,  but  for  all  stages  it  is 
probably  the  best  station  that  can  be  found  on  the  river  at  a  bridge 
and  easy  of  access. 

On  September  8,  1896,  a  discharge  measurement  was  made  by  B.  M. 
Hall,  and  two  l)ench  marks  were  established.  On  September  22, 1896, 
another  discharge  measurement  was  made,  a  wire  gage  was  put  in, 
and  Mr.  J.  W.  Foster,  sawyer  at  a  large  sawmill  about  300  feet  dis- 
tant, on  right  bank  of  river,  below  the  bridge,  was  employed  as 
observer. 

The  initial  point  is  top  of  left  abutment  at  the  edge  toward  the 
river,  on  the  downstream  side  of  the  bridge,  from  which  side  sound- 
ings and  meter  measurements  are  made.  The  rod  of  wire  gage  is 
nailed  to  outside  guard  rail,  downstream  side,  next  to  the  last  panel  of 
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stationary  bridge  before  reaching  the  pier  at  end  of  draw  span.  The 
rod  is  14  feet  long  and  divided  to  feet  and  tenths.  The  bench  mark  is 
the  top  of  the  capstone  on  the  large  circular  center  pier  of  turn  span. 
It  is  26.80  feet  above  datum  of  gage  at  downstream  side  of  pier. 

The  drainage  area  is  6,850  square  miles,  and  is  mapped  on  the  fol- 
lowing atlas  sheets  of  the  United  States  Geological  Survey:  Sprin^- 
ville,  Anniston,  Gadsden,  Fort  Payne,  Rome,  Tallapoosa,  Marietta, 
Cartersville,  Suwanee,  EUijay,  Dalton,  Cleveland,  Ringgold,  and 
Stevenson. 

The  following  discharge  measurements  were  made  by  B.  M.  Hail, 
M.  R.  Hall,  and  others. 


Discharge  measuremenU  of  Coom  River  at  Riverside. 


Date. 


1896. 
September  8 . 
September  25 
October  30... 
December  21 . 


1897. 
March  .31.... 

June  17 

July  21 

August  20  . . . 
November  29 

1898. 
January  27  . . 

March  9 

May  3 

May  25 

August  3 

Septeml)er  7  . 
October  19... 
November  22 

1899. 

April  26 

May  3 

May  20 

June  14 

August  26 

SeptemlKjr  23 


Gage 
height. 

Diflcharge. 

Feet. 

Second-feet. 

0.70 

1,630 

.50 

1, 403 

.88 

1,986 

1.57 

3,272 

4. 53 

12, 515 

1.54 

3;  747 

5.55 

16, 925 

2.58 

6,174 

.80 

1A    AA 

1,854 
or.  Qr;o 

10.00 

3C,359 

1.60 

3,538 

3.22 

7,758 

1.39 

3,172 

3.92 

9,524 

11.05 

37,811 

6.80 

14, 484 

5.85 

16,384 

9.00 

29,069 

4.05 

10, 592 

2.70 

6,276 

2.20 

5,010 

1.42 

3,  791 

1.00 

2,457 

Date. 


1899. 
November  7  . 
December  9.. 

1900. 
February  10  . 
March  21.... 

May  5 

August  21  . . . 
December  28. 


Gage 
height. 


1901. 
January  8  . . . 

March  18 

August  24 

November  14 

1902. 

Aprils 

June  3 

October  17. .. 


1903. 

March  16 

April  11 

June  20 

July  22 

August  26  . . . 

October  1 

November  13 


Feet. 
0.85 
1.20 

5.03 
12.50 
4.15 
2.32 
4.25 

3.85 

3.70 

12.95 

1.70 

7.30 
2.00 
2.30 

10.75 
8.80 
2.87 
2.30 
1.64 
1.05 
1.37 


DIschaiige. 

Seeond'feri. 

2,271 

2,727 

13,493 

43,  759 

11,196 

5,609 

11,335 

9,572 

9,3:« 

44,554 

4,039 

21,138 

4,720 

5,128 

40, 072 

30,710 

7,  .374 

5,549 

4,001 

2,687 

3,136 

HAIL  ^ 
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Daily  gage  height ^  in  feet,  of  Coo»a  Hirer  at  Rivenide, 


Day. 

Jan. 

1 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

84>pt. 

0.60 

1.75 

3.10 

2.75 

'2.00 

1.60 

l.'iO 

■  .A5 

.70 

.60 

.65 

.60 

.60 

.60 

.55 

..V» 

.55 

.65 

.80 

.85 

.75 

.70 

.60 

.55 

.60 

.70 

.80 

.85 

.90 

.95 

.85 

.50 

.50 

.50 

.50 

.45 

.45 

.45 

.45 

.45 

.45 

.40 

.40 

.45 

.45 

1.45 

1.65 

1.40 

1.35 

1.20 

1.00 

.90 

.a5 

.80 
.70 
.80 
.75 

.75 
.70 

Nov. 

1.10 
1.40 
1.20 
1.10 
1.05 
1.10 
1.20 
2. 55 
2.90 
1.90 
1.80 
1.60 
•2.25 
2.70 
4.00 
5.20 
4.70 
4.20 
3. '20 
2.30 
l.SO 
1.40 
1.35 
1.30 
1.'25 
1.'20 
1.15 
1.15 
1.10 
1.20 

.70 
.70 
.70 
.65 
.80 
1.05 
1.15 
1.10 
1.00 
.95 
.85 
.85 
.85 
.85 
.80 
.75 
.70 
.70 
.70 
.65 
.65 
.65 
.65 

.r»5 
.(y> 

.65 
.65 
.(W 
.70 
.75 

IHv. 

1««. 

1.90 

n                                              1 

, 

2.10 

•i: ::::::::::;::::::!  j:!!!!!!':!::::: 

4.38 

4 

1 

3.80 

:> • 1 1 

,,,»»».    -«_- . 1 

3.20 

6     J 

'2.50 

/.,., ....... ....... 

t 

2. '20 

H 

1.90 

9 

1 1....;;. . ;. 

1.70 

JO 

1 

1.60 

11 

)             1 

1.55 

12 

,,,,.^. t ^   _i 

1.55 

13 

1 



_ 

.    ^    »   m    m    •  »        - - 

1.60 

14     ' : ' 1 ' 1 

1.60 

{5::;:::::::::::l..: : : ...::::..:.:::::::::  ::::: ::::::: 

1.80 

16 

'2.00 

17 

2.10 

1*1 

! 

2. '20 

19 



. 

2.00 

30                                                  '                           !             '             ' 

1.80 

21 

1.70 

1.50 

23 ' 

1.45 



1.40 

25 • ' 

1.35 

1.30 

27 

0.45 
.45 
.45 
.50 

1.'25 

1*20 

» ....:: :.: 

1.10 

1.10 

3i:::::::::::::: ::::::: :::::::':::::::  ;;;;;;,;";;;;;;;;■-;;■;;  •  -  -  • 

1.10 

2.00 
2.50 
5.35 
7.35 
7.70 
7.90 
9.00 
7,70 
6.40 
5.90 
5.20 
7.35 
8.30 
8.20 
7.50 
6.60 
5.70 
5.00 
4.50 
4.00 
4.60 
4.65 
6.00 
7.90 
9.00 
9.00 
8.00 
6.20 

5.00 

4.50 

4.25 

3.90 

4.20 

5.80 

11.40 

13.30 

12.55 

12.65 

12.70 

12.80 

13.45 

14.80 

14.60 

14.80 

14.70 

14.70 

14.50 

'  15.30 

14.90 

14.70 

14.50 

13.70 

12.20 

10.60 

8.50 

6,50 

5.30 

4.90 

4.60 

3.40 
3.10 
3.05 
3.60 
3.20 
3.00 
3.80 
3.70 
2.65 
2.60 
2.50 
2.55 
2.65 
2.10 
3.90 
4.00 
4.00 
3.60 
3.20 
3.00 
2.70 
2.35 
2.30 
2. '25 
2. '25 
•2. 15 
2.ft5 
2.00 
'2.00 
1.95 
1.90 

1.90 
1.90 
1.90 
1.85 
1.85 
1.80 
1.90 
2.15 
2.10 
1.90 
1.90 
2.00 
1.90 
1.H5 
1.60 
1.70 
l.nO 
1.60 
1.90 
2.00 
1.80 
1.70 
1.60 
1.55 
1.50 
1.45 
1.45 
1.40 
1.45 
1.45 

1.45 
1.45 
1.40 
1.40 
1.45 
1.60 
1.50 
2.40 
2.30 
2.05 
'2.50 
2.70 
2..W 
2.00 
1.80 
1.70 
1.80 
1.95 
2.  CIO 
3.00 
5.20 
6.40 
8.00 
6.20 
4.  SO 
4.00 
3.00 
2.60 
2.50 
3.00 
'2.60 

2.00 
1.80 
1.60 
1.50 
1.45 
1.40 
1,50 
1.50 
1.60 
1.70 
1.70 
2.00 
2.50 
2.80 
2.00 
1.80 
1.60 
1.50 
1.90 
2.60 
2.00 
1.70 
1.60 
1.70 
1.75 
1.60 
l.(K) 
1.50 
1.40 
1.35 
1.30 

— 

1.20 
l.IO 
1.30 
1.60 
1.30 
1.'20 
1.10 
1.00 

■2? 

.85 
.80 
.80 
.75 
.75 
.80 
.85 
.85 
.80 
.80 
.75 
.75 
.70 
.70 
.70 
.65 
.65 
.60 
.55 
.55 
.55 

IW. 

1.10 

1.10 

1.10 

1.10  , 

1.10  1 

1.20 

1.25 

1.30 

1.35  1 

1.35 

1.35 

1.90  , 

1.40 

2.00 

3.50 

4.00 

4.90 

5.35 

5.00 

4.80 

6.50 

7.00 

7.»» 

7.00 

5.40 

4.70 

3.80 

3.00 

2.70 

2.50 

2.20 

4.30 
4.45 
5.20 
7.00 
8.60 
9.'60 
10.  .w 
11.15 
12. 15 
11.90 
10.70 
9.10 
?.80 
6.05 
5.60 
5.30 
5.60 
5.40 
.5.00 
4.60 
4.30 
4.00 
■    3.80 
3.60 
3.40 
3.30 
3. -25 
2. '20 
3.10 
3.20 

1 

1 

.80 
.90 

3 

4 

!95 
1.20 

h ::: 

2..'i0 

6 

3.00 

m 

2.90 

i\ 

'2.40 

9 

'2. 15 

10 

'2.00 

1.70 

n 

1.60 

13 

1.60 

U 

L) 

16 

'2.00 
'2..«iO 
3.00 

17.... 

3  30 

18 ]. 

3.15 

19 

'2.65 

2D :::: : 

2.10 

21 

2.  "20 

•» 

'2,80 

23 

4. '20 

21 ■ 

4.85 

& 

4.95 

J6 

4.55 

27 

S-K.^ 

3R 

3.20 

29 

*2.95 

S) 

'2.85 

'2.50 
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Daily  gage  height^  infeeiy  of  Coosa  River  at  Itivergide — Continned. 


Day. 


1 
2 
8 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


1896. 


Jan. 


2.90 
2.15 
2.10 
2.00 
1.90 
1.85 
.1.75 
1.70 
1.65 
1.60 
1.60 
1.65 
1.80 
2.00 
3.10 
8.00 
2.80 
2.60 
2.80 
8.00 
4.10 
5.80 
6.05 
6.50 
7.20 
9.00 


27 j  10.20 

28 ■  10.65 

29 1  10.45 

30 9.45 

31 1  7.55 


I 


1899 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


2.80 
2.75 
2.75 
2.80 
2.80 
3.00 
8.50 
4.30 
4.20 
4.40 
.5.20 
5.90 
5.60 
5.00 


4. 
4. 


70 
90 


.•i.OO 


4.90 
4.70 
4.60 
4.20 
4.00 
3.90 
3.90 
4.00 
4.25 
4.15 
4.00 
3.90 
8.75 
3.70 


Feb. 


6.00 
5.25 
4.00 
3.25 
3.00 
2.80 
2.75 
2.70 
2,60 
2.  .50 
2.40 
2.30 
2.30 
2.20 
2.10 
2.00 
1.95 
1.90 

i.a5 

1.80 
1.80 
1.80 
1.75 
1.75 
1.70 
1.70 
1.70 
1.65 


7. 

t , 
8. 
8. 
8. 


Mar. 


5.90 

6.30 

7.50 

7.40 

9.10 

12.10 

14. 10  I 

14.30 

14.30 

14.10 

13.80 

13.00 

12.00 

10.90 

8.70 

90 

60 

80 

10 

20 

00 

7.65 

8.00 

8.10 

7.30 

7.00 

8.30 

11.00 


1.66 
1.70 
1.80 
1.80 
1.80 
1.75 
1.70 
1.70 
1.65 
1.65 
1.60 
1.60 
1.70 
1.80 
2.00 
2.25 
3.00 
.4.75 
5.50 


4. 
4. 


70 
00 
8. '25 
3.00 
2.75 
2.30 
2.15 
2.00 
2.00 
2.30 
8.00 
4.50 


8. 
7. 
7. 
7. 


00 

50 

25 

00 

6.15 

5.20 

5.50 

7.50 

8.30 

16.00 

17.40 

17.00 

16.50 

16.30 

16. 35 

16.20 

15.90 

15. 70 

15.  .W 

14.90 

13. 25 

11.00 

8.00 

7.90 

8.50 


12.10 
12.20 
12.30 
12.10 
10.10 
9.00 


Apr. 


6.80 
7.50 
6.80 
5.50 
5.80 
9.30 
10.50 
10.80 
10.40 
8.90 
7.50 
6.00 
5.00 
4.40 
4.00 
3.70 
3.50 
4.00 
10 
80 
50 
00 
50 
75 
10 
80 
7.45 
6.45 
.5.  .50 
4.75 


5. 
5. 
5. 
4. 
4. 
5. 
7. 
7. 


10.80 

10.20 

10.00 

9.80 

8.90 

8.75 

9.00 

10.00 

12.30 

12.00 

11.70 

10.00 

8.90 


7. 
6. 
5. 
6. 
5. 


90 
30 
55 
25 
10 
5.00 
4.80 
4.60 
4.30 
4.75 
5.65 
8.90 
00 
90 
30 
90 


May. 


3.90 

3.60 

3.30 

3.05 

2.90 

2.70 

2.55 

2.40 

2.30 

2.20 

2.15 

2.10 

2.0O 

1. 

1. 

1. 


95 
90 
86 
1.80 


75 
70 
60 
70 
1.65 
1.55 
1.60 


45 
40 
65 
70 
60 


1.45 
1.85 


5.45 


5.00 

4.50 

4.20 

3.95 

3.80 

3.75 

3.60 

4.00 

3.85 

3.60 

8.45 

3.30 

3.20 

3.00 

3.00 

2.95 

2.95 

2.80 

2.80 

2.75 

2.75 

2.70 

2.70 

2.66 

2.60 

2.50 

2.45  I 

2.35 

2. 30  1 

2.20 

2.70 


1.30 
1.25 
1.20 
1.20 
1.30 
1.25 
1.20 
1.10 
1.05 
1.05 
1.00 
1.48 
1.10 
1.25 
1.15 
1.00 
1.65 
1.70 
1.65 
1.55 
1.95 
2.10 
2.80 
2.50 
2.05 
1.75 
1.50 
1.60 
1.45 
1.30 


2.70 
2.80 
2.80 
2.60 
2.30 
10 
00 
00 
1.95 
1.95 
1.95 
1.95 
2.00 
2.15 
2.80 
8.20 
2. 95 
2.50 
2.25 
2.00 
1.80 
1.70 
1.70 
1.60 
1.75 
1.60 
1.60 
1.65 
1.70 
1.65 


1.45 
1.40 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.20 
1.30 
1.50 
1.50 
1.90 
3.20 
4.70 
3.60 
8.20 
3.00 
8.60 
4.20 


1.15 
1.05 
1.00 
.95 
.95 
.90 
.95 
1.00 
1.15 
1.65 
2.15 
2. 15 
2.10 
2.15  ' 
2.05  I 
2.30 
3.10 
3.05 
2.50 
1.90 
1.65 
1.50 
1.36 
1.25 
1.20 
1.40 
2.36 
3.15 
3.10 
3.40 
4.00 


70 
70 
65 
60 
50 
50 


5.20 
4.75 


4.26 
4.00 
4.10 
4.00 
3.30 
4.00 
5.50 
5.30 
4.50 
4.30 
4.50 
4.70 
6.70 
5.90 
4.70 
3.70 
3.00 
2.76 
2.55 


45 
40 
40 
36 
30 
15 
00 
80 
00 
2.50 
3.00 
2.60 


3.95 
3.00 
2.30  I 
2.00  ! 
1.90 


75 
65 


1.50 


1. 
1. 
1. 
1. 


,60 
,65 
,55 
60 
1.50 
1.45 
1.50 
1.50 
1.50 
1.55 
l-.W 
1.45 


45 
35 


1.30 


1.30 
1.30 
1.60 
1.20 
1.10 
1..50 
2.10 


2.20 
1.80 
1.75 
6.80 
9.30 
10.20 
11.00 


11. 
U. 


30 
GO 


10.80 
8.70 
.5.80 
4.75 
4.10 
3.40 
3.00 
2.70 
2.60 
2.25 
2.20 
2.15 
2.20 
2.65 
3.56 
4.30 
3.90 
3.40 
3.15 
3.00 
2.75 


2.30 
2.40 
2.80 
2.40 
2.10 
2.00 
1.86 
1.40 
1.30 
1.26 
1.25 
2.20 
2.50 
2.66 
2.00 
1.40 


25 
20 


1.20 


1.10 

1.00 

.96 

1.00 

1.00 

1.00 

1.00 

.95 

.95 

.90 

.90 


2.10 


Oct. 

1 

'  Nov. 

Dec. 

2.20 

2.60 

3.70 

1.80 

2.50 

4.Ult 

1.70 

2.50 

3.90 

2.00 

2.45 

3.70 

6.80 

2.40 

3.70 

11.20 

2.40 

3.90 

11.90 

2.40 

4.0t) 

15.80 

2.40  ! 

4-0(^ 

14.70 

2.45 

3.70 

12.  .50 

2.55  1 

3.30 

12.00 

2.7*  ' 

3.2S 

11.20 

2.75 

3.10 

8.80 

2.70 

3.00 

5.60 

2,65 

2-90 

4.40 

2.70 

2.W) 

8.60 

2.8.) 

ib-S 

3.00 

3.10 

2.60 

3.60 

3.1.1 

±m 

5.40 

3.  ri 

2.70 

6.40 

3.70 

2.90 

6.30 

4.'M 

4.00 

6.00 

5. 15 

3.^ 

6.80 

7.00 

3.  to 

6.00 

5.90 

3,«) 

4.36 

6.20  , 

2.75 

4.00 

4.90 

2.70 

3.75 

4.60 

2.  hi) 

3.30 

4.20 

2.4<» 

8.00 

4.00 

2.30 

2.75 

3.80 

2.30 

2.70 

0.»5 

2.40 

0.90 

2.1* 

.90 

.95 

2.1X» 

.90 

.95 

l.rti 

.90 

.95 

l.'^i 

.90 

.95 

1.45 

.90 

.96 

1.40 

.90 

.95 

1.35 

.90 

.95 

1.30 

.96 

.95 

1.30 

1.20 

.95 

1.35 

1.80 

.95 

1.40 

1.40 

.95 

:>.H0 

1.80 

.95 

H.  25 

1.20 

1.00 

h.00 

1.20 

1.00 

6.00 

1.20 

1.00 

4..V) 

1. 10 

1.00 

3.7r» 

1.00 

1.00 

3.60 

.95 

1.00 

3.10 

.95 

1.00 

3.00 

.90 

.95 

2.SS 

.90 

.95 

2.75 

.95 

.95 

3.00 

1.'20 

.95 

5.40 

1.15 

l.OO 

6.40 

1.00 

2.15 

7.10 

1.00 

2.90 

7.00 

.95 

3.00 

6.60 

.95 

3.00 

6.00 

.90 

2.75 

4.>5 

.95 

4.00 
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DaUy  gage  heighi,  infedy  of  Coosa  River  ai  Riverside — Continued. 


Day. 

'  Jan. 

Feb. 

Uar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1900. 

1 

3.  SO 

2.70 

6.90 

6.66 

6.00 

2.75 

11.60 

4.70 

1.86 

1.55 

2.80 

5.76 

1 

3.00 
2.50 

2.65 
2.60 

7.65 
6.90 

6.26 
6.00 

6.30 
6.30 

2.80 
2.90 

10.10 
8.90 

8.90 
8.00 

2.00 
2.20 

1.60 

2.25 
2.50 

4.36 

3 

3.75 

4 

2.40 

2.50 

6.25 

5.60 

4.76 

2.60 

8.20 

2.75 

2.10 

1.60 

2.50 

8.40 

5 

2.15 

2.60 

5.40 

5.10 

4.30 

2.70 

7.50 

2.55 

2.00 

1.50 

2.50 

3.30 

6 

2.05 

2.W 

5.00 

4.90 

4.20 

8.46 

6.45 

2.40 

1.80 

1.45 

2.40 

4.35 

7 

'     1.95 

2.95 

4.90 

4.76 

4.00 

8.90 

5.50 

2.25 

1.70 

1.4C 

2.40 

6.05 

S 

1.96 

3.00 

6.00 

4.40 

3.65 

4.20 

4.70 

2.15 

1.60 

1,50 

2.35 

5.40 

9 

2.00 

3.75 

8.75 

4.85 

8.40 

7.05 

5.00 

2.10 

1.50 

2.20 

2.80 

4.80 

10 

■    2.00 

4.25 

10.00 

4.30 

3.30 

8.30 

4.30       2.00 

1.45 

2.35 

2.30 

4.00 

U 

2.10 

5.80 

10.56 

6.50 

3.15 

8.00 

4.20       2.00 

1.35 

3.85 

2.16 

8.60 

12 

3.50 

6.50 

10.05 

12.40 

2.96 

7.70 

4.10       1.90 

1.30 

8.60 

2.10 

3.16 

13 

6.00 

13.30 

8.75 

12.90 

2.70 

6.70 

5.ft5       2.25 

1.25 

3.80 

2.10 

2.96 

14 

7.40 

15.30 

7.50 

11.70 

2.70 

4.30 

4.65       2.00 

1.20 

2.80 

2.00 

2.80 

15 

7.00 

15.20 

5.60 

9.50 

2.65 

4.50 

3.7:>       1.90 

3.35 

3.00 

1.90 

2.70 

16 

i    6.40 

14.50 

6.00 

7.20 

2.65 

4.70 

3.60  ;    1.85 

6.00 

2.90 

1.80 

2.66 

17 

6.10 

14.00 

6.30 

12.40 

2.60 

5.00 

3.50       2.00 

7.00 

2.80 

1.75 

2.60 

:fi 

4.00 

13.25 

6.00 

18.10 

2.60 

4.90 

3.35 

2.00 

7.50 

2.65 

1.70 

2.66 

19 

1     4.25 

12.80 

6.60 

17.56 

2.60 

6.90 

3.10 

2.20 

6.00 

2.50 

1.80 

2.55 

ao 

8.0O 

12.10 

10.00 

15.65 

2.60 

6.90 

8.00 

2.10 

4.85 

2.40 

2.00 

3.00 

21 

9.70 

9.00 

12.20 

12.96 

2.65 

6.45 

2.90 

2.20 

3.20 

2.80 

2.50 

3.30 

22 

10.00 

7.80 

12.85 

13.15 

3.20 

6.10 

2.70 

2.00 

2.50 

2.20 

4.00 

5.20 

23 

j     9.40 

6.80 

12.60 

12-66 

2.90 

7.00 

2.45 

2.00 

2.00 

2.15 

3.80 

7.00 

24 

H.75 

7.20 

11.80 

12.20 

3.00 

11.85 

2.60 

1.95 

1.90 

8.00 

3.-20 

7.30 

S 

7.75 

6.90 

10.60 

10.80 

3.25 

12.50 

2.60 

1.90 

1.85 

5.25 

3.10 

6.90 

26 

6.00 

6.50 

10.30 

9.15 

3.10 

14.10 

2.50 

2.20 

1.80 

7.50 

8.00 

6.85 

27 

4.10 
3.60 
3.30 
8.00 
2.70 

5.25 
5.00 

10.20 
9.85 
9.50 
8.50 
7.20 

7.90 
6.50 
6.70 
6.36 


3.20 
8.00 
2.80 
2.70 
2.60 

14.42 
14.60 
18.80 
12.80 

2.60 
8.70 
6.70 
5.30 
6.90 

8.00 

2.10 
2.00 
1.95 
1.90 
1.90 

1.80 
1.65 
1.60 
1.65 

5.00 
8.80 
3.00 
2.65 
2.50 

2.70 

4.85 
6.40 
9.20 
8.20 

1.90 

5.90 

28 

4.90 

29 

4.30 

30 

4.00 

31 

6..'i0 

1901. 
1 

7.30 

- 
6.00 

3.56 

14.86 

4.80 

6.20 

2.15 

5.60 

1.86 

i     r»».  •••---•••• 

7.S5 
6.50 

6.50 
9.00 

3.50 
3.50 

14.40 
18.80 

4.60 
4.80 

8.20 
8.26 

2.90 
2.85 

2.10 
2.10 

5.00 
4.50 

4.00 
8.20 

1.85 
1.85 

1.90 

3 

1.96 

i : 

6.O0 
6.50 
6.O0 
4.25 
8.95 
3.70 
3.60 
6.50 
14.10 

10.60 

U.0O 

12.00 

11.90 

11.60 

9.90 

9.60 

9.90 

9.60 

3.60 
3.40 
3.30 
3.20 
8.10 
3.10 
3.40 
6.50 
6.60 

11.90 
10.40 
10.30 
9.00 
7.26 
6.50 
6.60 
5.00 
4.80 

4.15 
4.00 
8.96 
8.90 
8.75 
8.60 
3.45 
3.25 
3.15 

7.20 
6.75 
5.00 
4.80 
4.80 
4.20 
6.20 
6.00 
5.00 

2.80 
2.80 
2.75 
2.75 
2.70 
8.50 
4.00 
8.60 
2.90 

2.05 
2.00 
2.20 
4.10 
4.80 
4.25 
8.50 
2.90 
2.75 

4.30 
8.65 
8.30 
8.05 
8.00 
2.90 
2.85 
2.75 
2.70 

3.00 
2.90 
2.76 
2.60 
2.60 
2.30 
2.80 
2.25 
2.30 

1.85 
1.80 
1.80 
1.80 
1.85 
1.85 
1.80 
1.80 
1.80 

1.96 

5 

2.20 

6 

2.10 

2.00 

H 

2.00 

9 

2.10 

10 

2.10 

11 

2.06 

12 

2.00 

K 

15.70 
15.40 
15.10 
14.90 

8.90 
7.60 
6.50 
5.80 

7.50 
7.00 
6.30 
5.25 

4.80 
6.60 
7.50 
8.30 

8.10 
3.10 
3.00 
2.95 

4.25 
8.76 
8.76 
8.80 

2.60 
2.40 
2.85 
2.20 

2.60 
8.20 
8.20 
8.40 

2.66 
2.65 
2.60 
2.85 

8.00 
2.80 
2.70 
2.50 

1.80 
1.75 
1.75 
1.80 

2.00 

14 

2.90 

15 

11.60 

18 

12.00 

17 

14.80 

5.45 

4.25 

7.80 

2.96 

8.80 

8.15 

5.30 

3.90 

2.45 

1.80 

12.50 

18 

13.90 
13.30 

5.00 
4.80 

3.75 
3.56 

6.60 
10.60 

2.90 
2.90 

4.90 
6.00 

2.90 
2.90 

9.60 
9.65 

5.60 
6.30 

2.60 
2.40 

1.80 
1.80 

12.40 

19 

11.00 

20 

11.30 
8.30 

4.60 
4.35 

3.65 
8.75 

14.00 
14.60 

2.85 
4.00 

4.50 
8.90 

8.20 
8.00 

10.00 
11.60 

7.60 
7.20 

2.35 
2.30 

1.75 
1.75 

10.20 

21 

9.20 

22 

6.25 
5.30 
4.60 
5.30 
5.80 
6.30 
6.40 
5.85 
6.50 
5.80 

4.20 
4.00 
3.90 
3.85 
3.65 
3.65 
8.60 

3.70 
3.60 
4.30 
13.90 
15.90 
16.20 
14.70 
14.25 
14.60 
15.60 

14.80 

18.50 

12.50 

11.80 

9.90 

7.90 

6.80 

6.90 

6.20 

8.20 

9.90 

10.76 

11.85 

11.90 

11.80 

11.00 

9.60 

6.20 

4.60 

8.60 
8.50 
3.26 
3.15 
3.00 
2.90 
8.00 
2.90 
3.10 

2.96 
2.90 
2.76 
2.70 
2.60 
2.40 
2.20 
2.30 
2.40 
2.20 

11.00 

11.60 

12.60 

12.90 

12.40 

12.00 

11.50 

9.96 

8.36 

6.86 

6.00 
4.50 
8.30 
8.00 
2.70 
2.60 
2.50 
2.65 
2.60 

2.30 
2.25 
2.20 
2.10 
2.10 
2.10 
2.05 
2.05 
2.00 
1.95 

1.75 
1.75 

i.a5 

1.90 
2.10 
2.00 
2.00 
1.85 
1.85 

8.00 

23 

4.50 

24... 

3.60 

» 

4.10 

3S 

4.60 

27 

5.10 

S 

6.50 

29 

11.50 

30 

15.60 

a 

16.00 
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Daily  gage  height^  infeetf  of  Coosa  River  at  Riverside — Continued. 


Day. 


1902. 

1 

2 

3 

4 

6 

6 

7 .. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1903. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

o\/  ■■*■■«•■ 

31 


Jan. 


15.70 

13.30 

15. 10 

15.30 

15. 10 

14. 50 

13. 10 

9.30 

6.-20 

4.80 

4.m 

2.90 
2.85 
4.50 
5.26 
7.20 
6.70 
6.20 
2.90 
2.85 
4.50 
5.25 
7.20 
6.70 
6.20 
5.20 
4.50 
5.10 
6.60 
7.00 
7.40 


3.20 
4.00 
4.50 
5.60 
6.55 
5.60 
6.35 
5.10 
4.50 
3.60 
4.20 
5.00 
5.90 
6.(i0 
6.30 
6.30 
4.45 
3.90 
8.60 
3.40 
8.25 
2.90 
2.85 
2.85 
2.65 
2.70 
2.70 
2.90 
3.40 
8.60 
3.90 


Feb.  I  Mar. 


I 


10.40 

13.85 

14.60 

14.40 

14.00 

13.40 

13.20 

11.25 

9.10 

6.00 

6.20 

5.00 

4.90 

4.60 

5.00 

5.80 

5.20 

6.00 

4.90 


85 

60 

90 

90 

00 

5.35 

5.75 

6.35 

12.50 


4. 
4. 
4. 
4. 
5. 


A.  I 


4.20 

3.90 

3.85 

5.40 

6.30 

9.40 

11.30 

al.5.20 

14.80 

14.20 

16.10 

16.00 

15. 75 

14.80 

14.10 

14.00 

17. 26 

16.40 

15.50 

14.40 

14.20 

14.00 

13.80 

12.20 

8.20 

5.80 

5.40 

8.40 


15.00 

15.40 

15.20 

14.90 

15.60 

16.00 

14.90 

14.10 

13.00 

9.90 

8.10 

6.90 

6.65 

6.40 

6.20 

7.20 

9.00 

9.90 

10.20 

9.40 

8.20 

6.90 

5.90 

5.40 

6.46 

5.30 

6.20 

8.90 

13.30 

17.30 

16.50 


12.90 

14.30 

14.60 

14.60 

14.65 

15.15 

15.00 

14.50 

13.40 

10.90 

9.30 

9.60 

9.70 

11.60 

11.55 

10.80 

9.30 

7.90 

6.85 

6.20 

5.70 

7.10 

9.10 

10.20 

11.00 


Apr.     May. 


11.65 
11.90 
11.55 
9.40 
l/).00 
i!2.35 


15. 50 

14.80 

14.60 

14.40 

12.70 

8.90 

6.40 

7.20 

7.60 

7.70 

7.00 

6.20 

5.70 

5.30 

4.85 

4.70 


60 
90 
95 
35 
00 
90 
60 
30 
3.90 
3.70 
3.70 
8.60 
3.60 
3.40 


13.40 

13.60 

13.75 

13.f>5 

13.50 

12.80 

10.50 

7.75 

8.90 

9.70 

8.80 

7.40 

6.00 

8.90 

10.10 

10. 35 

10.00 

8.10 

6.70 

6.30 

6.60 

5.10 

4.80 

4. 75 

4.65 

4.55 

4.50 

4.40 

4.40 

4.30 


■| 


3.36 
3.25 
3.20 
8.30 
3.40 
3.20 
3.10 
8.00 
2.90 
2.75 
2.70 
2.65 
2. 75 
2.80 
2.85 
2.65 
2.60 
3.30 
2.90 
2.60 
2.60 
2.45 
2.40 
2.40 
2.35 
2.30 
2.25 
2.25 
2.20 
2.20 
2.20 


4.20 
4.00 
3.85 
3.80 
8.60 
3.50 
3.45 
3.40 
4.00 
4.10 
4.00 
3.65 
3.35 
3.60 
ft  8. 70 
7.90 
6.30 
5.25 
4.05 
3.90 
3.70 
3.20 
3.10 
3.00 
2.90 
2.90 
2.90 
2.70 
2.60 
3.00 
3.90 


July.     Aug.  ■  Sept.  ■  Oct. 


Nov.     Dee. 


2.15 
2.10 
2.06 
2.00 
2.00 
1.90 
1.90 
1.86 
1.80 
1.80 
1.80 
2.20 
2.20 
1.95 
1.85 
1.80 
1.80 
1.86 
2.20 
2.00 
1.95 
1.90 
1.90 
1.85 
1.85 
2.00 
1.90 
1.85 
1.80 
1.75 


6.10 
7.80 
7.60 
6.90 
7.00 
9.80 
8.60 
10.05 
9.00 
7.30 
6.60 
4.80 
4.40 
6.00 
4.40 
8.90 
3.60 
8.40 
8.10 
2.90 
2.75 
2.65 
2.60 
2.60 
2.65 
2.80 
2.70 
2.(i5 
2.80 
5.10 


1.60 
1.60 
1.50 
1.45 
1.45 


1. 
1. 
1. 
1. 
1. 
1. 
1. 


40 
.40 
40 
35 
36 
40 
40 
1.46 
1.45 
1.50 
1.60 
2.25 
2.86 
2.80 
2.20 
1.96 
1.90 
1.80 
1.75 
1.45 
1.40 
1.50 
2.30 
1.60 
1.60 
1.40 


4.00 
8.80 
3.00 
2.80 
2.70 
2.65 
2.65 
2.60 


2. 
2. 


,60 
60 
2.56 
2.65 
2.70 
3.30 
6.00 
6.60 
6.50 
8.90 
15 
75 
60 
2.35 
2.20 
2.20 
2.30 
2.20 
2.10 
2.10 
2.20 
2.15 
2.20 


3. 
2. 
2. 


1. 
1. 
2. 
1. 
1. 
1. 
1. 


40 
60 
00 
60 
40 
45 
90 
1.86 
1.80 
1.80 
2.00 
1.80 
1.70 
1.60 


I 


1. 
1. 
1. 
1. 
1. 


60 
36 
,26 
,20 
.20 
1.20 
1.25 
1.25 
1.40 
1.60 
1.70 
1.70 
1.65 
1.65 
1.60 
2.20 
2.40 


8.00 
3.45 
3.20 
3.00 
2.65 
00 
76 
95 


3. 
3. 
4. 


3.50 
2.45 
2.20 
2.00 
1.80 
1.60 
1.50 
1.60 
1.80 
2.00 
3.26 
2.70 
2.35 
2.30 
2.05 
1.90 
1.75 
1.65 
1.60 
1.40 
1.40 
1.35 
1.30 


2.40 
2.00 
1.50 
1.10 
2.00 
1.80 
1.40 
1.60 
1.50 
1.40 
1.40 
1.45 
1.40 
1.40 
1.30 
1.25 
2.00 
1.65 
1.60 
1.20 
1.10 
1.15 
1.25 
1.26 
1.20 
1.35 
2.00 
4.00 
3.50 
8.40 


1.25 
1.25 
1.80 
1.40 
1.30 
1.25 
1.25 
1.20 
1.20 
1.20 
1.16 
1.15 


10 
10 


1.20 
1.25 
1.25 
2.00 
2.05 
1.80 
1.50 
1.35 
1.25 


2.50 
2.25 
2.00 
1.90 
1.80 
1.75 
1.70 
2.00 
1.75 
1.60 
2.40 
4.00 
8.80 
8.25 
2.65 
2.50 
2.40 
2.10 
1.90 
1.75 
1.60 
1.65 
1.45 
1.35 
1.30 
1.30 
1.30 
1.25 
1.25 
1.25 
1.20 


1.10 
1.05 
1.10 
1.10 
1.05 
1.00 
1.00 


1.20 
1.20 
1.20 
1.15 
1.20 
1.60 
l.J« 
1.90 
1.85 
1.70 
1.60 
1.50 
1.30 
1.26 
1.20 
1.-20 
1.15 
1.20 
1.-25 
1.40 
1.60 
'2.00 
1.80 
1.40 
1.60 
•2. -20 
2.90 
3.45 
3.90 
3.50 


1.10 
1.15 
1.25 
1.25 
1.30 
1.35 
1.60 


1.30       1.80 


1. 
1. 
1. 


10 
00 
'20 


1.40 
1.50 
1.80 
1.20 
1.10 
1.10 
1.20 
1.20 
1.90 
1.20 
l.'iO 
1.25 


l.*20  I     1.30 


1. 
1. 


.20 
15 
1.15  I 
1.20 
1.3U 
1.20 


1.25 
1.-20 
1.15 
1.05 
1.00 
1.06 
1.10 


1.90 

1.80 

1.60 

1.40 

1.35 

1.40 

1.40 

1.35 

1.30 

1.25 

1.25 

1.30 

1.25 

1.20 

1.30 

1.30 

1.35 

1.30 

1.80 

1.40  I 

1.35 

1.25 


2.>s0 
•2.  4U 
4.51.1 
6.00 
7.JU 
6.80 
5.  40 
4.. so 
4. -JO 
3.W 
3.  .V) 
•2.90 
•2,40 
2.  45 
2.  .=K> 
3.fiO 
5.30 
5.60 
5.  40 

4.yo 

5.00 
6.90 

7.  >«0 
7.40 
r>.  :55 
5.10 
1.50 

8.  fAl 
3.40 

s.a5 

3.*25 


1.20 
1.20 
1.15 
1.  15 
1.10 
l.a5 

i.a5 
i.a'i 

1.10 
1-  15 
1.20 
1.15 
1.15 
1.15 
l.'JO 
l.'JO 
1.'20 
1.15 
1-15 
1.20 
1.20 
I. -25 
1.25 
1.30 
1.40 
l-»=> 

i.:w 

1.30 

i.;w 

1.-20 
1.25 


a  15.80  maxlinuin. 


b  9.06  maximum. 
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Rating  table  for  Coofia  Rivfr  at  Riverside  far  1896, 


he^nt. 

1 

1  Discharge. 

Gage 
height. 

Discharge. 

height. 

Dincharge. 

height. 

1 

Diacharge. 

FetL 

Sccondrjeet. 

Ftct. 

Seeond'Jui. 

Feet. 

1 

Second-feet. 

FM. 

Secfmd-feet. 

0.5 

;        1,400 

1.7 

3,560 

2.9 

7,010 

4.1 

ii.o:^) 

.6 

1.500 

1.8 

3,820 

3.0 

7,320 

4.2 

11,390 

.  7 

1,630 

1.9 

4,080 

3.1 

7,640 

4.3 

11,750 

.8 

1,780 

2.0 

4,360    1 

3.2 

7,970 

4.4 

12,110 

.9 

1,930 

2.1 

4,630 

3.3 

8,300 

4.5 

12, 470 

1.0 

2,100     ' 

2.2 

4,920    1 

3.4 

8,630 

4.6 

12,840 

1.1 

2,280 

2.3 

5,200 

3.5 

8,960 

,      ^- 

13,210 

1.2 

2,480 

2.4 

5,500 

1 

3.6 

9,300 

4.8 

13,580 

1.3 

2,680 

2.5 

5,800 

3.7 

9,640 

1      4.9 

13,950 

1.4 

2,880 

2.6 

6,100 

1       3.8 

9,980 

5.0 

14, 330 

1.5 

3,090 

I       2.7 

6,400 

3.9 

10,330 

'      5.1 

14,710 

1.6 

1 

3,320 

2.8 

6,708 

'      4.0 

i 

10, 680 
'frsidefor  1* 

5.2 

15, 100 

1 

Rm 

ling  tables 

Gage 
height. 

Feet. 

for  Coom  River  at  Rii 

S97. 

'   Gage 
height. 

Gage 
height. 

1 
IHacharge. 

Secrmd-frtt. 

DL«charge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Discharge.  , 

Pat. 

Feet. 

1 
Second-feel   1 

0.4 

1,350 

1.4 

3,070 

'        3.0 

7,530 

7.0 

20,56e    i 

.5 

1,400 

1.6 

3,540 

3.2 

8,178 

8.0 

23  826 

.6 

1,500 

'       1.8 

4,020 

3.4 

8,830 

'      9.0 

1 

27,086 

.7 

1,650 

2.0 

4,520 

3.6 

1 

9, 482 

1     10.0 

30, 346 

,       •» 

1,820 

2.2 

5,100 

3.8 

10,134 

11.0 

1 

33,606 

,       •» 

2,010 

'       2.4 

5,700    , 

4.0 

10,  786 

,     12.0 

36,866 

1.0 

2,210 

2.6 

6,300 

5.0 

14,046 

13.0 

40,126 

1.2 

2,630 

2.8 

6,910 

6.0 

17,306 

14.0 

43, 386 

1 
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WATER   POWERS    OF    ALABAMA. 


[NO.  107. 


Rating  table  for  Coom  River  at  Riverside  for  1898. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Dischaiigc. 

Gage 
height. 

Di«;haTge. 

Feet. 

Second-feet. 

JM. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-fed. 

0.9 

2,140 

1      4.7 

12, 301 

8.5 

25,335 

12.3 

46,960 

1.0 

2, 

320 

4.8 

12, 

644 

8.6 

25,678 

12.4 

47,680 

1.1 

2, 

520 

4.9 

12, 

987 

8.7 

26,021 

12.5 

48,400 

1.2 

2, 

720 

5.0 

13, 

330 

8.8 

26,364 

12.6 

49,120 

1.3 

2, 

925 

5.1 

13, 

673 

8.9 

26,  707 

12.7 

49,840 

1.4 

3: 

130 

5.2 

14, 

016 

9.0 

27,050 

12.8 

50,560 

1.5 

3, 

340 

5.3 

14, 

359 

9.1 

27, 433 

12.9 

51,280 

1.6 

3, 

550 

5.4 

14, 

702 

9.2 

27,800 

13.0 

52,000 

1.7 

3, 

760 

5.5 

15, 

045 

9.3 

28, 175 

13.1 

52,720 

1.8 

3, 

970 

5.6 

15, 

388 

9.4 

28,550 

'     13.2 

53,440 

1.9 

4, 

,185 

5.7 

15, 

731 

'      9.5 

28,965 

13.3 

54,160 

2.0 

4, 

,400 

5.8 

16, 

074 

9.6 

29,380 

13.4 

54,885 

2.1 

4, 

620 

5.9 

16, 

417 

9.7 

29,815 

13.5 

55,  ao 

2.2 

4 

840 

6.0 

16, 

760 

9.8 

30,250 

13.6 

56, 320 

2.3 

5, 

,070 

6.1 

17, 

103 

9.9 

30,725 

13.7 

57, 040 

2.4 

5, 

,300 

6.2 

17. 

,446 

10.0 

31,200 

;     13.8 

• 

57,  760 

2.5 

5, 

540 

6.3 

17, 

789 

10.1 

31,  725 

13.9 

58,480 

2.6 

5, 

780 

6.4 

18, 

132 

10.2 

32, 250 

1     14.0 

1 

59, 21^.0 

2.7 

6, 

030 

6.5 

18, 

,475 

10.3 

32, 825 

14.1 

59, 920 

2.8 

6, 

280 

6.6 

18, 

818 

'     10.4 

33,400 

14.2 

60,frl0 

2.9 

6, 

540 

6.7 

19, 

161 

10.5 

34,067 

14.3 

61,360 

3.0 

6, 

,800 

6.8 

19 

,540 

10.6 

34,725 

14.4 

62,080 

3.1 

7, 

080 

6.9 

19, 

847 

10.7 

35,442 

14.5 

62,8C0 

3.2 

7, 

360 

,      7.0 

20, 

,190 

10.8 

36,160 

14.6 

63,520 

3.3 

7, 

655 

7.1 

20, 

,  533 

,     10.9 

36,880 

j     14.7 

64,240 

3.4 

7, 

,950 

7.2 

20 

,876 

11.0 

37,600 

14.8 

64,960 

3.5 

S: 

,260 

!      7.3 

21 

219 

11.1 

1 

38,320 

14.9 

65,680 

3.6 

8= 

,570 

'       7.4 

21, 

,562 

11.2 

39, 040 

15.0 

66,400 

3.7 

8= 

,895 

7.5 

21, 

,905 

11.3 

39,760 

15.1 

67,120 

3.8 

9: 

,220 

7.6 

22 

,248 

11.4 

40,480 

15.2 

67, 840 

3.9 

9 

,560 

7.7 

22 

,591 

11.5 

41,200 

15.3 

68, 560 

4.0 

9 

,900 

i      7.8 

22 

,934 

11.6 

41,920 

15.4 

69,280 

4.1 

12, 

,243 

7.9 

23, 

,277 

11.7 

42,640 

15.5 

70,000 

4.2 

10 

,586 

8.0 

23 

,620 

11.8 

43,360 

15.6 

70,720 

4.3 

10, 

,929 

8.1 

23 

,963 

11.9 

44,080 

15.7 

71,440 

4.4 

11 

,272 

8.2 

24 

,306 

12.0 

44,800 

15.8 

72,160 

4.5 

11 

,615 

8.3 

24 

,649 

12.1 

45, 520 

15.9 

72,880 

4.6 

11 

,958 

8.4 

24 

,992 

12.2 

46,  240 

16.0 

73,600 

ILlli^] 
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Bating  table  for  Coosa  River  ai  RiverMe  for  1899. 


Gage 
height. 

Dtschaxge. 

height. 

1 

1 

Diflcbaige. 

Oage 
height. 

Discharge. 

height. 

1 
niMoharge. 

Stnmd-/c€t. 

1 

'      5.2 

Second'Jeri.  . 

Fed. 

Seeond-/fft. 

/Vrt. 

Sf-rmtd/rft.  j 

0.9 

2,330 

14, 740 

9.5 

30.650 

13.8 

46,560 

1.0 

2,460 

5.3 

15,110 

9.6 

31,020 

13.9 

46 

,  930     ' 

1.1 

2,600 

5.4 

15,480 

9.7 

31,390 

14.0 

47 

,:«)0 

1.2 

2,760 

5.5 

15,850     ' 

9.8 

3I,7(K) 

14.1 

47 

.670 

1.3 

2,920 

5.6 

16,220     ! 

9.9 

32, 130 

14.2 

48 

,040 

1.4 

3,100 

5.7 

16,590    , 

10.0 

32, 500 

14.3 

4K 

,410     i 

1.5 

3,300 

5.8 

16,960 

10.1 

32, 870 

14.4 

48 

,780     1 

1.6 

3,500 

5.9 

17,330 

'     10.2 

33,240 

14.5 

49 

,150     ' 

1.7 

3,720 

6.0 

17,700    . 

1     10.3 

33,610 

14.6 

49 

,520 

1.8 

3,940 

6.1 

18. 070 

10.4 

33,980 

14.7 

49 

,8W     ■ 

1.9 

4,160    , 

6.2 

18,440 

10.5 

34, 350 

14.8 

50, 

,260     : 

2.0 

4,400 

6.3 

18,810    j 

10.6 

34, 720 

14.9 

50 

1 

2.1 

4,600 

6.4 

19,180 

10.7 

{^5,  (m 

15.0 

51 

,000 

2.2 

4,J?00 

6.5 

19,550 

10.8 

35,460 

15.1 

51 

,370 

2.3 

5,160 

'      6.6 

19,920    ' 

10.9 

35, 830 

15.2 

51, 

,740 

2.4 

5,430 

6.7 

20,290 

11.0 

36,200 

15.3 

52 

,110 

2.5 

5,700 

6.8 

20,660 

11.1 

36,570 

15.4 

52, 

,480 

1 

2.6 

5, 970 

6.9 

21,a30    ' 

11.2 

36,JM0 

15. 5 

,    52, 

,850 

2.7 

6,250    ' 

7.0 

21,400 

11.3 

37,310 

15.6 

53, 

,220 

1 

2.8 

6,530 

7.1 

21,770 

11.4 

37,(J80 

15.7 

53, 

590 

2.9 

6,810 

7.2 

22, 140    1 

11.5 

38,050 

15.8 

53, 

960 

3.0 

7,100 

7.3. 

22, 510 

11.6 

38,420 

le5.9 

54, 

,3.30 

3.1 

7,400    . 

7.4 

22,880 

11.7 

38,790    , 

16.0 

,     54 

,700 

3.2 

7,700    , 

7.6 

23,250    : 

11.8 

39, 160 

16.1 

55, 

,070 

3.3 

8,010 

7.6 

23,620 

11.9 

39, 530 

16.2 

55, 

440 

1 

3.4 

8,330 

7.7 

23,990    1 

12.0 

39,900 

16.3 

55, 

810     1 

3.5 

8,650 

7.8 

24,360 

12.1 

40,270 

16.4 

56, 

280 

3.6 

8,970 

:    7.9 

24,730 

12.2 

40,640 

16.5 

56, 

650 

3.7 

9,290 

'      8.0  • 

25, 100 

12. 3 

41,010        : 

16.6 

57, 

020 

3.8 

•  9,620 

8.1 

25, 470 

12.4 

41, 380 

16.7 

57, 

390 

3.9 

9,a50 

8.2 

25, 840 

12.5 

41,750 

16.8 

57, 

7(J0 

4.0 

10,300 

1      8.3 

26,210     1 

1     12.6 

42,120 

16.9 

58, 

VM) 

4.1 

10,670 

8.4 

26,580 

12.7 

42, 490 

17.0 

58, 

400 

4.2 

11,040 

8.5 

26, 950 

12.8 

42,  8(K) 

17.1 

58, 

770 

4.3 

11,410 

8.6 

27, 320 

12.9 

43,  230 

17.2 

59, 

140 

4.4 

11,780 

8.7 

27,690    . 

1     13. 0 

1 

43,600 

17.3 

59, 

510 

!       4. 5 

12,150 

8.8 

28,060 

13.1 

43, 970 

17.4 

59, 

880 

4.6 

12,520 

8.9 

28,430 

1     13.2 

44,:wo 

17.5 

60, 

250 

4.7 

12,890 

9.0 

28,800 

1     13.3 

44,710 

17.6 

'     60, 

620 

4.8 

13,260 

9.1 

29,170 

13.4 

45,080 

17.7 

,     60, 

990 

4.9 

13,630 

9.2 

29,540    , 

1     13.5 

45,450    , 

17.8 

61, 

360 

5.0 

14,000 

9.3 

29,910 
30,280 

13.6 

45,  720 

17.9 

'    61, 

730 

5.1 

14, 370 

9.4 

• 

13.7 

1 

46,  V.iO 

18.0 

,    62, 

100 
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WATER  POWERS   OF   ALABAMA. 


[no.  107. 


Rating  table  for  Coosa  River  at  Riverside  for  1900  and  1901, 


Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Second-fed. 

Feet. 

Second-feet. 

Feet. 

Second-fed. 

Second-ffft 

1.0 

2,460 

'       5.6 

15,900     j 

10.2 

33,900 

14.8 

52,300 

1.1 

2 

,610 

5.7 

16 

,250 

10.3 

34 

,300 

14.9 

52,700 

1.2 

2 

,760 

5.8 

16 

,600 

10.4 

34 

,700 

15.0 

53,100 

1.3 

2 

,930 

5.9 

16 

,950 

10.5 

35 

,100 

15.1 

53,500 

1.4 

3 

,100 

6.0 

17 

,300 

'                     1 

10.6 

35 

,500 

1     15.2 

53,900 

1.5 

3 

,300 

6.1 

17 

,680 

10.7 

35 

,900 

15.3 

54,300 

1.6 

3 

,500 

6.2 

18 

,060 

10.8 

36 

,:i00 

16.4 

54,700     ; 

1.7 

3 

,720 

6.3 

18 

,440 

10.9 

36 

,700 

16.5 

55,100     ' 

1.8 

3 

,940 

6.4 

18 

,820 

11.0 

37 

,100 

15.6 

55,500 

1.9 

4 

,170 

6.5 

19 

,200 

11.1 

37 

,600 

1     15.7 

55,900 

2.0 

4. 

,400 

6.6 

19 

,580 

11.2 

37 

,900 

1     15. 8 

56,300     ' 

2.1 

4 

,650 

6.7 

19 

,960 

11.3 

38 

,300 

'     15.9 

56,700 

2.2 

4 

,900 

6.8 

20 

,340 

11.4 

38 

,700 

16.0 

57, 100     ] 

2.3 

5 

,165 

6.9 

20 

,720 

11.5 

39 

,100 

1     16.1 

57,500 

2.4 

5 

,430 

7.0 

21 

,100 

11.6 

39 

,500 

16.2 

57,900 

2.5 

5 

,700    ! 

7.1 

21 

,500 

11.7 

39 

,900 

16.3 

58,300 

2.6 

5 

,970 

7.2 

21, 

,900 

11.8 

40 

,300 

16.4 

58, 700 

2.7 

6 

,250 

7.3 

22, 

,300 

11.9 

40. 

,700 

16.5 

59,100 

2.8 

6 

,530 

7.4 

22, 

,700 

12.0 

41, 

,100 

16.6 

59,500 

2.9 

6 

,845 

7.5 

23 

,100 

12.1 

41. 

,500 

16.7 

59,900 

3.0 

7 

,100    ; 

7.6 

23 

,500 

12.2 

41, 

,900 

16.8 

60,300     '• 

3.1 

7 

,400 

7.7 

23 

,900    ' 

12.3 

42 

,300 

16.9 

60,700 

3.2 

7 

,700 

7.8 

24, 

300    ! 

12.4 

42, 

,700    ! 

17.0 

61,100 

3.3 

8 

,015 

7.9 

24, 

700 

12.5 

43, 

,100    1 

17.1 

61,500     1 

3.4 

8 

,330 

8.0 

25, 

100 

12.6 

43, 

,500 

17.2 

61,900 

3.5 

8 

,650 

8.1 

25, 

500 

12.7 

43, 

900 

17.3 

62,300 

3.6 

8, 

,970 

8.2 

25, 

900 

12.8 

44, 

,300 

17.4 

62,700 

3.7 

9= 

295 

8.3 

26, 

300 

12.9 

44, 

700 

17.5 

63,100 

3.8 

9, 

620 

8.4 

26, 

700 

13.0 

45, 

100 

'     17.6 

63,500 

3.9 

9, 

960 

8.5 

27, 

100 

13.1 

45, 

500 

17.7 

63,900 

4.0 

10, 

300    ! 

8.6 

27, 

500 

13.2 

45, 

900 

17.8 

64,300 

4.1 

10, 

650 

8.7 

27, 

900 

13.3 

46, 

300 

17.9 

64,700 

4.2 

11, 

000 

8.8 

28, 

300 

13.4 

46, 

700 

,     18.0 

65,100 

4.3 

11, 

350 

8.9 

28, 

700 

13.  5 

47, 

100 

18.1 

65,500 

4.4 

11, 

700 

9.0 

29, 

100 

13.6 

47, 

500 

18.2 

65,900 

4.5 

12, 

OoO 

9.1 

29, 

500 

13.7 

47, 

900 

18.3 

66,300 

4.6 

12, 

400 

9.2 

29, 

900 

13.8 

48, 

300 

18.4 

m,  700 

4.7 

12, 

750 

9.3 

30, 

300 

13.9 

48, 

700 

18.5 

67. 100 

4.8 

13, 

100     ; 

9.4 

30, 

700 

14.0 

49, 

100 

18.6 

67,500 

4.9 

13, 

450 

9.5 

31, 

100 

14.1 

49, 

500 

18.7 

67,900    ; 

5.0 

13, 

800 

9.6 

31, 

500 

'     14.2 

49, 

900 

18.8 

68,300     1 

5.1 

14, 

150 

9.7 

31, 

900 

14.3 

50, 

300' 

'     18.9 

68,700 

5.2 

H, 

500     I 

9.8 

32, 

300 

14.4 

50, 

700 

19.0 

69, 100     1 

5.3 

14, 

850 

9.9 

32, 

700 

14.5 

51, 

,100 

5.4 

15, 

200 

10.0 

33, 

100 

14.6 

51, 

,600 

1 

6.5 

15, 

550 

1 

10.1 

33, 

500 

14.7 

61, 

,900 
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Ratiiig  taUefor  Cooga  Rivrr  at  Rivenide  for  1902. 


Ga«e 
heigbt. 

Discbarge. 

Gue 
height. 

1 

Diflchaxige. 

Ga«e 
belgbt 

Discharge.  ; 

Gage 
height. 

Discharge. 

1 

1 

Fai. 

StconA'fceL 

FecL 

Seeotul'/eet. 

Feet. 

Second-JetL 

F€H. 

Secowi-Jert,  ' 

1.0 

2,470 

4.0 

10,300 

7.0 

21,100 
21,900 

13.0 

45,100 

1.2 

2,760 

4.2 

11,000 

7.2 

13.5 

47,100 

1.4 

3,100 

4.4 

11,700 

7.4 

22,700    1 

14.0 

49,100    ; 

,       1.6 

3,500 

4.6 

12,400 

7.6 

23,500    ! 

14.5 

61,100 

1.8 

3,940 

4.8 

13,100 

7.8 

24,300 

15.0 

53,100 

2.0 

4,400 

5.0 

13,800    1 

8.0 

25,100    , 

15.5 

55,100 

2.2 

4,900 

5.2 

14,500 

8.5 

27,100 

16.0 

57,100 

2.4 

5,430 

5.4 

15,200 

9.0 

29,100    \ 

16.5 

59,100 

2.6 

5,970    ' 

5.6 

15,900 

9.5 

31,100 

17.0 

61,100 

2.8 

6,530 

5.8 

16,600 

10.0 

10.5 

1 

33,100 

17.5 

63,100 

3.0 

7,100    ' 

6.0 

17,300 

35,100    ' 

18.0 

65,100 

3.2 

7,700 

6.2 

18,060 

1     11.0 

37,100    1 

18.5 

67,100 

3.4 

8,330    ' 

6.4 

18, 820 

;    11.5 

39,100    1 

19.0 

69,100 

3.6 

8,970 

6.6 

19,580 

'    12.0 

41,100  ; 

3.8 

1 

9,620 

1 

6.8 

20,340 

12.5 

43, 100 
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Rating  table  for  Coom  River  at  Riverside  for  190S, 


Gage 
hei^t. 

Discharge. 

Gage 
height. 

Dischaige. 

Gage 
height 

Dischaiige. 

Gage 
height. 

Discharge. 

I\xt. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet 

Second-feet. 

1 

1.00 

2,620 

4.80 

14,300 

8.60 

30,310 

12.40 

46,650     . 

1.10 

2, 

,800 

4.90 

14, 

690 

8.70 

30, 

740 

12.50 

47, 

,080 

1.20 

2, 

,990 

5.00 

15, 

,090 

8.80 

31, 

170 

12.60 

47, 

,510 

1.30 

3 

,180 

5.10 

15, 

,490 

8.90 

31, 

,600 

12.70 

47, 

,940 

1.40 

3, 

380 

5.20 

15, 

,890 

9.00 

32, 

,030 

12.80 

48, 

,370 

1.50 

3, 

,590 

5.30 

16, 

,290 

9.10 

32, 

,460 

1 

12.90 

48, 

,800 

1.60 

3j 

,810 

5.40 

16, 

,700 

9.20 

32, 

,890 

,     13.00 

49, 

,230 

1.70 

4 

,040 

5.50 

17, 

,110 

9.30 

33 

,320 

13. 10 

49, 

,660 

1.80 

4, 

,270 

5.60 

17 

,520 

9.40 

33, 

,750 

13.20 

50, 

,090 

1.90 

4, 

,510 

5.70 

17 

,930 

9.50 

34 

,180 

13.30 

50, 

,520 

2.00 

4 

,750 

5.80 

18 

,340 

9.60 

34, 

,610 

13.40 

50, 

,950 

2.10 

5 

,010 

5.90 

18 

,760 

9.70 

35 

,040 

13.50 

51, 

,380 

2.20 

5 

,290 

6.00 

19, 

,180 

9.80 

35, 

,470 

13.60 

51, 

,810 

2.30 

5 

,580 

6.10 

19 

,600 

9.90 

35, 

,900 

13.70 

52, 

,240 

2.40 

5 

,870 

6.20 

20 

,020 

10.00 

36 

,330 

13.80 

52, 

,670 

2.50 

6 

,160 

6.30 

20 

,440 

10.10 

36 

,760 

13.90 

53, 

,100 

2.60 

6 

,460 

6.40 

20, 

,860 

10.20 

37 

,190 

14.00 

53, 

,530 

2.70 

6 

,770 

6.50 

21 

,280 

10.30 

37 

,620 

14.10 

53, 

,960 

2.80 

7 

,090 

6.60 

21 

,710 

10.40 

38 

,050 

14.20 

54, 

,390 

2.90 

7 

,420 

6.70 

22, 

,140 

10.50 

38, 

,480 

14.30 

54, 

820 

3.00 

7 

,750 

6.80 

22, 

570 

10.60 

38, 

,910 

14.40 

55, 

250 

3.10 

8 

,080 

6.90 

23 

,000 

10.70 

39 

,340 

14.50 

55, 

,680 

3.20 

8 

,410 

7.00 

23 

,430 

10.80 

39 

,770 

14.60 

56, 

110 

3.30 

8 

,750 

7.10 

23, 

860 

10.90 

40 

,200 

14.70 

56, 

540 

3.40 

9 

,090 

7.20 

24 

,290 

11.00 

40, 

,630 

14.80 

56, 

,970 

3.50 

9 

,440 

7.30 

24 

,720 

11.10 

41 

,060 

14.90 

57 

,4^ 

3.60 

9 

,790 

7.40 

25, 

150 

11.20 

41, 

,490 

15.00 

57, 

830 

3.70 

10, 

,140 

7.50 

25 

580 

11.30 

41, 

,920 

15.10 

58, 

,260 

3.80 

10 

,500 

7.60 

26, 

,010 

11.40 

42 

,350 

15.20 

58, 

,690 

3.90 

10, 

,870 

7.70 

26, 

440 

11.50 

42, 

,780 

15. 50 

59, 

980 

4.00 

11> 

240  ! 

1 

7.80 

26, 

870 

11.60 

43, 

210 

15.70 

60, 

840 

4.10 

11, 

610 

7.90 

27, 

300 

11.70 

43, 

640 

15.  80 

61, 

270     1 

4.20 

11, 

,m)0 

8.00 

27, 

730 

11.80 

44, 

070 

16.00 

62, 

130 

4.30 

12, 

370  , 

8.10 

28, 

160 

1     11.90 

44, 

500 

16.40 

63, 

,850 

4.40 

1-, 

750 

8.20 

28, 

590 

12.00 

44, 

930 

17.00 

66, 

,430 

4.50 

13, 

130 

8.30 

29, 

020 

12.10 

45, 

,360 

17.20 

67, 

290     ! 

4.60 

13, 

520 

8.40 

29, 

450 

12.  20 

45, 

790 

17.30 

67, 

720 

4.70 

13, 

910 

8.50 

1 

29, 

880 

12.30 

46, 

220 

■ 
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EsUmaUd  monthly  di$charge  of  Coosa  River  (U  Rivenide. 
[Dralnage'area,  6,850  Bquare  miles.] 


Month. 


Discbaige  in  second- feet. 


Run-oil. 


Maximum. 


1896. 
September  27  to  30 

October 

November 

December 

1897. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

CHlober 

November 

December 

The  year  . . . 

1898. 

^anoary  

Febniary 

March 

.\pril 

Mav 

June 

July 

AugUiit 

September 

(K'tober 

November 

December 

The  year  . . . 


7 
15 
12 


21 
27 
47 
37 
10 
4 
23 

3 

3 

2 

13 


47 

35 
16 
15 
36 
9 
5 

19 
41 
72 
20 
9 


72 


400 
640 
100 
110 


707 
086 
624 
355 
786 
950 
826 
300 
540 
660 
525 
883 


624 

084 
760 
045 
160 
560 
540 
900 
161 
920 
160 
190 
900 


160 


Minimum. 


1 
2 


2 
4 
10 
5 
4 
3 

3 
2 
1 
1 
1 
1 


1 

3 
3 
3 
8 
3 
2 
2 
3 
3 
3 
5 
5 


350 
450 
190 
280 


420 
520 
460 
100  . 
270  ' 
070  I 
070  . 
850  ; 
440 
350 
570 
820 

350 

550 
655 
550 
260 
028 
320 
140 
970 
865 
760 
300 
070 


140 


Mean. 


1 
2 
4 


8 

18 

32 

17 

7 

3 

7 

3 

1 

1 

1 

6 

9 


363 
218 
637 
125 


434 
658 
481 
698 
040 
915 
142 
870 
976 
819 
786 
566 

282 


11, 

572 

5, 

763 

5, 

8.52 

18, 

133 

4, 

684 

3, 

281 

4, 

289 

8, 

758 

13, 

927 

19, 

936 

8, 

375 

376 
329 

9, 

Second- fefl 

per  wiuare 

mile. 

Depth  in 
inrhra. 

0.20 

0.03 

.32 

.37 

.68 

.75 

.60 

.69 

1.23 

1.42 

2.72 

2.83 

4.74 

5.47 

2.58 

2.87 

1.03 

1.19 

.57 

.63 

1.04 

1.20 

.56 

.&4 

.29 

.32 

.27 

.31 

.26 

.29 

.96 

1.10 

1.35 


18.27 


1.69 

1.95 

.84 

.87 

.59 

.68 

2.65 

2.95 

.68 

.78 

.48 

.54 

.63 

.72 

1.28 

1.48 

2.03 

2.26 

2.91 

3.36 

1:22 

1.36 

1.08 

1.25 

1.34 


18.20 
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Esiinialed  monthly  discharge  of  Coosa  River  at  Riverside — Continued. 


Month. 


1899. 


January  . . 
February . , 

March 

April , 

May 

June , 

July 

August 

September 
October  .. 
November 
Decembi»r 


Discharge  in  second-feet. 


Maximum.  '  Minimum. 


17,  330 

48,410 

60,880 

41,010 

14,000 

7,700 

14,  740 

10,125 

6,530 

3,100 

7,100 

26, 025 


Mean. 


The  vear 


1900. 


January  . . . 
February . . 

March 

April , 

May 

June , 

July , 

August 

Septeml>er , 
October  .. 
November , 
December 


60,880 


6,390 

17,330 

14,  740 

11,410 

4,900 

3,500 

2,760 

2,600 

2,330 

2,330 

2,395 

2,920 

2,330 


33, 100 

4,280 

54, 300 

5,700 

44,500 

13,450 

65,500 

11,350 

14, 850 

5,970 

51,500 

5,970 

39,500 

5,565 

12, 750 

4,050 

23, 100 

2,760 

23,100 

3,100 

29,900 

3,720 

22, 300 

5,835 

The  vear •      65,500 

•  7 


2,760 


10 
30 
38 
24 

t 

4 
5 
3 
3 
2 
3 
10 


12 


13 
23 
26 
29 

8 
22 

13 
5 
6 
6 

7 
11 


14 


865 
974 
094 
915 
742 
771 
318 
806 
555 
510 
086 
631 


Run-off. 


Second-feet 

I)er  Muare 

mile. 


189 


344 
487 
822 
813 
198 
216 
610 
147 
483 
910 
673 
773 


623 


1.54 

4.38 

5.39 

3.53 

1.10 

.68 

.75 

.54 

.50 

'.36 

.44 

1.50 


Depth  in 
inch«*s. 


1.73 


1.89 

3.32 

3.80 

4.22 

1.16 

3.14 

1.93 

.73 

.92 

.98 

1.09 

1.67 


2.07 


1.78 

4.56 

6.21 

3. 94 

1.27 

.75 

.86 

.62 

.56 

.41 

.49 

1.73 

23.  18 


2.  18 
3.45 
4.;i8 
4.71 
1,34 
3.51 
2,  23 
.84 
1.03 
1.13 
1.22 
1.93 

27. 95 
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Eattmaied  monthly  ditcharge  of  Coo^a  River  at  Rivrrttiile — C'ontinue<I. 


Month. 


190! 


January . 
February 
Maivh... 
April 


May 

June 

Julv 

August 

September 
October  .. 
November , 
Detiember 


The  year 


1902. 


January . . 
February . 

>Iarrh 

April 

May 

June 

July 

August 

September 
October  .. 
November 
December 


The  year 


Diachari^e  in  9K*o(md-feft. 


Maximum.     Minimum. 


MeHH. 


55, 

900 

41, 

100 

m, 

700 

51, 

100 

40, 

700 

26, 

100 

10, 

300 

44, 

700 

23, 

100  • 

10, 

300 

4, 

650 

57, 

100 

57, 

100 

55, 

900 

51, 

500 

62, 

300 

55, 

100 

8, 

330 

4, 

900 

6, 

670 

5, 

430 

10, 

300 

10, 

300 

», 

950 

24, 

300 

62, 

300 

8.  970 
S,  970 
7,400 
« 14, 500 
6,670 
6,810 
4,900 
4,400 
5,700 
4,280 
3,830 
4,050 


26, 089 
21,784 
20.613 


30 
16 
12 

20 
9 
5 
4 

18 


3, 830  ,       16 


6,670 
12,a50  I 
14,850 
8,330  ' 
4,900  ' 
3,830  I 
3, 015 
2,760 
2,610 
2,760 
2,685 
5,430 


23 

24 

34 

20 

6 

4 

3 

3 

4 
3 

12 


2,610  I   12,285 


804 
839 
762 
872 
375 
247 
718 
577 
938 
576 
994 
719 


Kun-ofT. 


".S-oond-fwl  y.       .  , 


I 


616 
195 
335 
535 
370 

97-; 

694  ! 

016 
885 

092 


3.69 
3.08 
2.92  ' 

4.3;^  i 

1 .  75 
.93  ' 

2.8S  I 

1.41  . 
.81, 
.57  ! 

2.67 

2.28 


4.25 
3.21 
3.37 
4.83 
2.64 
1.95 
1.07 
3.32 
1.57 
.93 
.64 
3.08 

30.86 


3.37 

3.89 

3.52 

3.67 

4.92 

5.67 

2.95 

3.29 

.90 

1.04 

.60 

.67 

.53 

.61 

.51 

.59 

.56 

.62 

.65 

.75 

.  57 

.64 

,    1.80 

2.08 

1.74 

23.  52 

a  Should  have  been  18,100. 
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EsHmaled  monthly  discharge  of  Coosa  River  at  Riverside — Contiiuied. 


Month. 


1903. 
January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novemljer 

December 

The  year . . 


Dischai^e  in  second-feet. 


Maximum. 


Minimum. 


2,170 

67,500 

58, 470 

52,450 

30,740 

36,540 

21,710 

14,890 

4,880 

3,590 

4,510 

3,380 


Mean. 


Run-off. 


Second-feet 

per  square 

mile. 


67,500 


6,610 

10,680 

17, 930 

12, 370 

6,460 

6,460 

5,010 

3,180 

2,800 

2,620 

2,800 

2,710 


2,620 


12,066 

43,155 

40,682 

28, 983 

11,294 

15,654 

7,994 

5,910 

3,211 

2,922 

3,334 

2,983 


14,849 


1.71 

6.11 

5.76 

4.10 

1.60 

2.22 

1.13 

.84 

.45 

.41 

.47 

.42 

2.10 


Depth  in 
inches. 


1.97 

6.  'M\ 

6.64 

4.57 

1.84 

2.4S 

1.30 

.97 

.50 

.47 

.52 

.48 


28.10 


Net  horsepmver  per  foot  of  fall  with  a  turbine  efficiency  of  80  per  cent  for  the  minimum 

monthly  discharge  of  Coosa  River  at  Riverside. 


Month. 


Minimum 
discharge. 


January  . . 
February  . 

March 

April 

Mav 

June 

July 

August 

September 
October . . . 
November 
December. 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


Dura- 
tion of 
mini- 
mum. 


Sec. -feet. 
6,390 

17,330 

14,  740 

11,410 

4,900 

3,500 

2,760 

2,600 

2,330 

2,330 

2,395 

2,920 


581 

1,-575 

1,340 

1,037 

445 

318 

251 

I     236 

I     212 

212 

218 

265 


Day* 
2 

1 

1 

1 

1 

3 

1 

1 

2 

11 

17 

2 


1900. 


Minimum 
discharge. 


Scc.-fcct. 
4,285 

5,700 

13,  450 

11,350 

5,970 

5,970 

5,565 

4,050 

2,760 

3,100 

3,720 

5,835 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


Dura- 
tion of 
mini- 
mum. 


Minimum 
discharge. 


390 
518 
1,  223 
1,032 
543 
543 
506 
369 
251 
282 
338 
530 


Days. 
2 

1 

1 

1 

o 

1 

1 

1 

1 

1 

1 

2 


1901. 


Mini- 

Te™      I>""^- 

power  ^i";- 
perfoot  ™'^™- 
of  fall. 


Scc.-feet.  I 
8,970  j 

8,970 

7,400 

14,500 

6,687 

6,810 

4,900 

4,400 

5,700 

4,285 

3,830 

4,050 


Days. 


815 
815 
673 
1,310 
608 
619 
445 
400 
518 
390 
348 
368 


1 

1 
o 

O 

1 

3 

1 
1 
1 
6 
1 
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COOSA  RIVER  AT  ROME.  OA. 

The  measurements  at  Kome  are  made  on  the  Oostanaula  and  Etowah 
just  above  their  junction.  Etowah  River  is  measured  at  St>cond 
Avenue  Bridge  and  the  Oostanaula  at  Fifth  Avenue  Brid|]^  in  Kome, 
and  the  result  added  to  give  the  flow  of  Coosa  River.  The  gage 
height  is  taken  from  the  United  States  Weather  Bureau  gage  at  Fifth 
Avenue  Bridge;  on  the  Oostanaula.  There  is  practically  no  fall  on 
Oostanaula  River  from  Fifth  Avenue  Bridge  to  the  junction,  hence 
the  gage  is  used  as  Coosa  River  gage  and  gives  the  fluctuations  of 
Coosa  River.  This  gage  is  a  4  by  6  inch  timber,  graduated  to  feet 
and  tenths  and  f listened  to  the  downstream  left-hand  corner  of  the  flrst 
pier  from  the  left  Imnk.  The  zero  of  the  gage  is  575.79  feet  alcove  sea 
level.  The  United  States  Weather  Bureau  has  maintained  the  station 
here  for  many  3'eai"s.  It  is  now  maintained  only  as  a  half-year  station, 
from  November  1  to  April  30,  inclusive,  but  W.  M.  Towers,  the  river 
observer,  kindly  reads  the  gage  and  furnishes  the  Survey  with  monthly 
rcporti^  of  the  daily  gage  heights  for  the  entire  year  without  charge. 
Mr.  Towers  has  kept  the  records  for  many  years  and  has  predicted 
floods  with  great  precision.  The  channel  of  the  Etowah  is  straight, 
current  swift  and  unobstructed,  but  the  Oostanaula  is  rather  sluggish 
and  somewhat  obstructed  by  piers.  The  banks  are  high,  but  liable  to 
overflow  in  times  of  high  water. 

The  following  discharge  measurements  were  made  by  M.  R.  Hall  and 
others: 

Discharge  metunirementit  of  Cootia  Kirer  at  Ritme,  (ia. 


Date. 


height.      I^i^ehance. 


1896. 
SepU-niber  29 

1897. 

Mav  7 

<  K'tober  5  . . . 

1898. 

May  11 

September  17 
Ditober  11  .. 
October  22 . . 
November  30 

1899. 
January  25.. 

Do 

May  19 

Jmie  16 

August  4 

October  13 . . 

1900. 
February  21 . 
May  19'.... 


Feel.        Serami-fcfi. 
0.20  1         1,209 


Date. 

1900. 
September  13 
r>eeeml)er  8 . . 


hellSt.       I"«'»>*r»e. 


Ftrt. 
0.90 
3.73 


2.75 
.15 

1.90 
2.60 
5.05 
4.10 
3.90 

3.80 
3.60 
2.75 
2.40 
1.45 
.60 

4.80 
2.30 


4,646 
990 

2,946 
3,913 
8,324 
6,489 
6,039 

6,540 
5,932 
4,394 
3,352 
2,835 
1,769 

8,115 
4,496 


1901. 
January  2t{.. 

April  5 

June  22 

October  15.. 


1902. 
June  24 

October  8  . . . 
November  8. 


3.60 
9.90 
3.70 
3.15 

1.30 

.80 

1.10 


1903. 

March  14 

June  5 

I  July  1 

July3 

,  July  18 

September  4  . 
November  28. 


9.70 

12.  55 

2.80 

2.70 

2.85 

.90 

.75 

Second-fed. 
1,992 
6,0(56 


6,454 

16,  692 

6, 030 

5,388 

2,483 
1,800 
2,332 

16, 146 
25, 008 
5, 305 
4,653 
4,403 
2,211 
1,892 
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WATER   POWERS    OF   ALABAMA. 


[NO.  1«. 


Daily  gage  heigfUy  in  feetj  of  Coosa  River  at  Rome,  Ga. 


Day. 

Jan. 

1.0 
1.0 
1.0 
1.0 
1.0 
1.3 
1.1 
1.1 
1.0 
1.0 
.9 
.9 
.9 
2.S 
0.2 
5.0 
3.5 
3.9 
5.0 
3.5 
8.7 
9.5 
5.7 
4.0 
3.5 
3.0 
2.5 
2.5 
2.5 
2.3 
2.2 

l.h 
1.8 
1.7 
1.7 
1.6 
1.6 
1.3 
1.3 
1.3 
1.3 
1.4 
2.0 
4.0 
4.0 
3.8 
3.6 
3.6 
3.2 
'   2.8 
4.4 
6.5 
6.4 
5.0 
4.5 
7.0 
14.0 
14.6 
11.6 
8.6 
4.6 
3.9 

Feb. 

Mar. 

3.3 

3.2 

3.1 

3.3 

3.5 

7.6 

19.7 

18.9 

15.4 

13.5 

12.0 

11.5 

18.6 

21.3 

23.8 

23.4 

22.6 

21.4 

19.7 

18.9 

17.7 

15.3 

13.7 

12.9 

9.1 

6.0 

5.2 

4.8 

4.5 

4.2 

4.0 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1  '» 

J.  m. 

1.3 
1.6 

'  3.7 
7.3 
5.8 
3.7 
3.0 
2.5 
2.5 
2.3 
2.2 
2.1 
2.0 
1.9 

,   1.8 

2.0 

8.5 

11.4 

Apr. 

May. 

1 
June. 

July. 

1.7 
1.9 
1.0 
.9 
2.0 
1.9 
1.9 
8.0 
2.1 
1.9 
2.5 
2.8 
2.0 
1.6 
1.8 
1.0 
5.2 
4.2 
4.8 
8.8 
12.8 
7.3 
4.4 
3.9 
2,6 
2.6 
3.8 
3.0 
2.4 
1.4 

1.2 
1.0 
1.0 
1.0 
1.0 
1.3 
2.0 
2.8 
3.2 
1.7 
2.8 
2.0 
1.8 
1.6 
3.7 
3.7 
2.2 
1.9 
1.7 
1.6 
1.5 
1.4 
1.3 
1.8 
8.7 
8.8 
2.9 
8.7 
4.2 
4.1 
4.2 

1 

Aug.  ■ 

1 

Sept. 

Oct. 

0.0 
.0 
.0  ' 

•1  ! 

•  A- 

•  X 
»   1 

•  X 

•  X 

•  X 
m    « 

1.1 

1.6 
1.8 

'i 

.7 

.6 

.6 

.6 

1.5 

1.3 

1.0 

.8 

.8 

m 
.  4 

■I 

.6 
.5 
.5 

~" 

2.0 
2.(f 
2.0 
4.9 
22  0 
23.8 
19.0 
18.4 
16.6 
14.0 
5.6 
4.2 
3.8 
3.7 
3.5 
3.2 
3.1 
6.5 
9.0 
6.0 
4.2 
8.9 
4.0 
8.9 
3.5 
3.3 
8.1 
8.0 
2.8 
2.6 
2.4 

Nov. 

1 

Dec. 

1897. 
1 

2.8 
9.7 

11.5 
9.6 
8.2 
5.2 
5.0 
4.3 
5.0 
4.4 
4.5 
7.4 
8.7 
7.2 
5.5 
4.5 
4.0 
3.7 
3.4 
3.0 
4.0 
3.9 
5.6 

11.7 
8.6 
6.7 
4.  / 
3.5 

; 

3.6 
3.1 
,   2.8 
'   2.6 
2.4 
2.2 
2.0 
1.8 
1.8 
1.7 
1.5 
1.5 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
1   1.2 
1.2 

1  1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

1   1.2 

7.1 
7.5 
8.2 
9.4 
14.8 
18.9 
17.0 
14.7 
12.1 
9.6 
7.2 
6.2 
5.8 
5.0 
6.0 
7.4 
7.0 
5.0 
4.5 
4.0 
3.8 
3.7 
3.5 
3.5 
3.5 
3.5 
3.4 
3.4 
3.4 
3.2 

4.1 
4.0 
3.5 
8.3 
3.0 
3.0 
3.0 
2.8 
2.6 
2.6 
2.6 
3.0 
3.4 
4.0 
5.0 
4.0 
3.3 
2.8 
2.7 
2.6 
2.5 
2.4 
2.4 
2.4 
2.3 
2.2 
2.1 
2.0 
2.0 
1.9 
1.9 

2.S 
2.6 
2,4 
2.3 
2.2 
2.1 
2.0 
2.0 
2.0 
'   2.0 
2.0 
1   1.9 
'   1.8 
1.8 
'   1.7 
1   1.6 
1.5 
1.6 
1.5 
1.4 
1.4 
1.4 
!   1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

1.8 
2.3 
2.0 
3.0 
2.4 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
1.8 
1.7 
1.7 
2.0 
2.8 
2.3 
2.0 
1.8 
1.6 
1.5 
1.5 
1.4 
1.3 
1.2 
1.2 
1.0 
1.1 
2.0 

1.4 
1.4 
1.4 
1.4 
1.3 

i   1.3 
1.8 
1.3 
1.3 
1.3 

1   1.3 
1.2 
1.4 
1.8 
1.8 
1.7 

,   l.« 
1.8 

2.2 

3.6 

3.2 

1   3.0 

'   2.8 
2.6 
2.0 
1.8 
1   1.8 
1   1.8 
1.6 
1.4 

0.8 

.7 

1.2 

1.0 

.8 

.8 

1.9 

2.0 

2.0 

1.6 

2.4 

1.8 

1.8 

.8 

.6 

.6 

2.1 

8.2 

2.4 

1.4 

1.3 

1.5 

1.5 

1.5 

1.1 

.8 

.5 

.4 

.4 

.4 

.5 

1.0 

.5 

.3 

.5 

.4 

.3 

.3 
o 

.1 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.1 

.2 
.2 
.2 
.2 
.2 
.2 
.3 
.3 

:i 

.4 
.4 

1 
1 

0.5 

.9 
1.0 
1.0 
1.0 

.8 

.8 

.8 

.8 

.7 

.7  ' 

.7 

.  ( 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.5 

.5 

.5 

i 

.5 

.9 
1.1 
1.1 

2.2 
2.2 
2.2 
2.2 
2.0 
2.2 
2.6 
2.4 
2.3 
2.1 
2.0 
2.0 
2.0 
2.3 
2.3 
2.9 
2.9 
4.0 
5.0 
4.5 
5.0 
4.0 
5.0 
7.0 
4.7 
8.9 
4.5 
4.3 
4.3 
3.9 

1.1 

2 

1.0 

8 

1.2 

4 

2.3 

5 

6 

7 

3.2 
3  7 
3.2 

8 

2-2 

9 

\.^ 

10 

1.7 

11 

12 

13 

14 

15 

l.o 
1.  1 
1.3 
2.2 

16 

3.5 

17 

2.5 

18 

19 

20 

21 

22 

23 

2.2 
l.K 
1.7 
3.2 
4.1 

24 

5.S 

25 

3.7 

26 

2.** 

27 

3.U 

28 

2.  ^ 

29 

2.3 

30 

2.0 

31 

2.0 

1898. 
1 

9.0 
6.1 
4.2 
3.6 
9.9 
17.2 
14.5 
10.9 
7.0 
4.1 
4.0 
3.8 
3.6 
3.5 
3.5 
3.4 
3.0 
3.0 
8.0 
3.6 
3.0 
8.2 
3.0 
7.2 
8.2 
6.0 
4.6 
4.0 
8.7 
8.2 

4.8 
4.4 
8.2 
4.4 
8.0 
5.6 
4.4 
4,4 
8.4 
3.0 
9.9 
7.2 
4.2 
8.4 
3.0 
2.5 
2.0 
2.2 
2.2 
3.2 
2.8 
3.9 
2.2 
2.2 
1.9 
2.7 
4.0 
4.4 
3.4 
2.0 
2.8 

2.0 

7.8 

21.7 

24.3 

22. 2 

20.0 

17.6 

16.4 

9.7 

5.0 

5.4 

4.6 

3.8 

3.2 

3.0 

2.9 

2.7 

2.5 

2.3 

2.2 

2.2 

2.8 

2.6 

4.1 

3.1 

3.0 

2.7 

2.5 

•  2.8 

2.1 

4.2 

2 

4.0 

3 

3.  s 

4 

3.  S 

5 

4.3 

6 

5.0 

7 

4.3 

8 

4.0 

9 

3.7 

10 

3.4 

11 

3.  :i 

12 

3.3 

13 

3.2 

14 

3.0 

15 

3-0 

16 

2-K 

17 

18 

19 

20 

21 

22 

23 

24 

2.7 
2.6 
2.  r. 
2.6 

2.8 

2.y 

3.2 
3.6 

25  

3.0 

26 

2.9 

27 

28 

29 

30 

31 

2.7 
2.6 
2.5 
2.4 
2.4 

HALL.] 
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DotVy  gage  hdghtj  infect^  of  Coosti  River  at  Rome^  da. — Contiuiieil. 


Day. 


1 
2 

I 
A 
5 
6 


i 

10 
11 
12 
13 
11 
IS 
16. 

i: 
b 

19. 
•20. 
21. 
'22 

•5! 

24. 

25. 
26, 
27, 

2h. 


30 
31 


1 

3 
I 

•>. 

6 


H 

9 
10 
II 
12 
13 
14 
15. 
16, 
17. 

19. 
•20. 
21. 
22. 
23, 
21. 


28 
29 
;» 
31 


1J«». 


19G0. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Juuc. 

July. 

Auk. 

8ept. 

C)Cl. 

N<»v. 

IHT. 

3.0 

6.9 

19.7 

13.2 

4.0 

3.0 

1.7 

2.2 

3.4 

1 

.4 

.  7 

1.1 

3.4 

7.8 

15.0 

10.6 

3.7 

2.6 

1.5 

1.9 

2.0 

.3  ' 

.6 

I.) 

3.0 

6.0 

8.6 

7.9 

3,7 

2,6 

1.0 

1.7 

1.6 

.3' 

.5 

1.5 

2.7 

9.2 

6.6 

7.2 

3.5 

2.0 

.9 

1.5 

1.4 

.3 

.5 

1.3 

2.6 

15.3 

7.8 

9.5 

3.5 

2.0 

2.0 

1.4 

1.3 

•^  . 

.  1 

1.1 

2.6 

18.2 

9.0 

.S.2 

3.6 

2.0 

1.9 

1.5 

1.3 

.5 

.« 

1.0 

3.6 

27.8 

8.0 

8.2 

3.7 

2.0 

1.9 

1.6 

1.2 

.7 

.3 

. 

5.9 

24.0 

6.8 

16.0 

3.7 

1.9 

8.0 

1.5 

1.0 

.3 

.8 

5.9 

22.4 

5.7 

13.4 

3.6 

1.8 

2.1 

1.8 

1.0 

.8 

.3 

.8 

4.9 

21.0 

5.4 

11.2 

3.5 

1.8 

1.9 

1.6 

1.0 

.6 

.3 

.M 

4.0 

19.0 

6.2 

9.5 

3.3 

1.8 

2.5 

1.4 

2.9 

1.0 

.3 

.8 

4.5 

16.5 

4.9 

7.0 

3.1 

2.2 

2.8 

1,4 

2.3 

.9 

.3 

2.H 

4.0 

7.0 

4.5 

6.4 

3.1 

3.8 

2.0 

1.2 

1.5 

.7 

.3 

6.1 

3.8 

5.0 

6.0 

5.9 

3.0 

4.0 

1.6 

1.1 

1.0 

.  1 

.4 

6.0 

3.6 

5.0 

16.6 

5.6 

3.0 

3.5 

1.3 

1.3 

.9 

.6 

.4 

8.2 

3.6 

5.5 

27.7 

5.4 

2.9 

2.6 

l.H 

1.9 

.8 

.6 

.5 

2.0 

4.0 

8.9 

29.2 

5.2 

2.8 

2.1 

6.2 

1.6 

.6 

.6 

.9 

1.8 

4.2 

9.5 

25.8 

4.8 

2.8 

2.0 

4.2 

1.4 

.6 

.6 

.  1 

1.7 

4.0 

8.5 

24.9 

4.7 

2.8 

2,0 

4.8 

1.1 

.6 

.6 

.5 

1.3 

3.7 

7.7 

26.2 

4.6 

2.8 

2.0 

8.8 

.9 

.7 

.6 

.5 

1.6 

3.3 

6.8 

24.6 

4.3 

2.6 

1.8 

12.8 

.9 

.7 

.7 

.5 

2.0 

3.2 

6.9 

23.0 

4.1 

2.6 

2.2 

7.9 

.8 

.6 

.  7 

.4 

2.0 

3.1 

7.8 

22.6 

4.0 

2.4 

1.7 

4.8 

.8 

.6 

.6 

1.0 

1.8 

3.5 

6.6 

21.9 

6.4 

2.6 

1.7 

3.9 

.7 

.5 

.5 

2.1 

7.2 

3.8 

5.8 

18.0 

7.4 

2.5 

1.7 

2.6 

.7 

.5 

.4 

1.5 

7.5 

3.8 

5.5 

10.5 

9.1 

2.4 

1.7 

2.6 

.6 

.4 

2.5 

5.0 

3.3 

19  1 

7.7 

6.7 

2.2 

2.1 

3.8 

2.5 

.5 

.4 

3.0 

3.5 

3.0 

23.4 

6.8 

5.5 

2.2 

1.9 

3.0 

2.6 

.6 

.4 

2.2 

3.0 

3.0 

■    •   •  a    •          • 

8.8 

4.8 

2.0 

1.9 

2.4 

2,5 

.5 

.4 

.  1.9 

3.0 

2.9 

9.3 

4.2 

2.0 

1.8 

1.4 

2.0 

.4 

.5 

1.4 

3.4 

4.4 

10.2 
4.2 

3.3 

2.4 

1.2 

2.6 
3.4 

1.6 

.8 

2.1 

2.0 

2.0 

2.0 

4.4 

6.2 

10.6 

1.2 

3.2 

1.6 

1.8 

5.8 

4.2 

4.8 

2.6 

8.0 

3.2 

1.5 

1.2 

2.2 

2.8 

1.5 

1.6 

5.6 

4.0 

4.0 

2.8 

8.0 

3.0 

1.7 

1.0 

2.0 

2.6 

1.5 

2.0 

4.4 

4.0 

4.0 

4.2 

7.0 

2.8 

1.7 

1.0 

2.3 

3.6 

1.5 

3.0 

4.1 

4.0 

3.8 

4.2 

6.6 

2.6 

1.5 

.9 

2.3 

7.4 

1.5 

3.8 

3.8 

4.0 

3.7 

4.2 

4.2 

2.6 

1.5 

.9 

2.1 

6.8 

1.5 

2.8 

5.0 

3.8 

3.6 

4.8 

3.8 

2.2 

1.4 

.9 

2.1 

5.2 

1.5 

2.4 

8.2 

3.8 

3.4 

13.0 

3.8 

2.2 

1.0 

3.8 

2.0 

3.8 

1.5 

4.0 

15.0 

3.6 

3.0 

12.6 

4.0 

2.0 

1.0 

5.9 

1.9 

3.6 

1.5 

6.9 

13.4 

3.5 

8.0 

8.0 

4.9 

2.0 

.8 

2.6 

1.8 

3.2 

2.0 

7.0 

10.3 

6.0 

3.0 

5.9 

3.8 

1.8 

.8 

2.0 

1.8 

2.8 

7.0 

6.4 

7.5 

11.0 

3.0 

6.0 

3.4 

1.8 

.8 

1.8 

1.6 

2.6 

9.0 

22.6 

5.5 

7.4 

2.5 

5.2 

3.8 

1.8 

.8 

2.5 

1.5 

2.6 

7.2 

27.2 

4.8 

5.5 

2.4 

5.3 

3.4 

1.7 

.8 

3.2 

1.5 

2.4 

5.5 

25.3 

4.2 

4.5 

2.4 

4.2 

3.4 

2.0 

6.6 

3.0 

1.5 

2.2 

3.5 

21.2 

.5.3 

5.6 

2.4 

3.8 

3.3 

1.7 

11.1 

2.0 

1.5 

2.2 

3.0 

18.0 

5.6 

6.2 

2.4 

4.8 

3.1 

1.6 

7.0 

1.6 

1.5 

2.2 

2.9 

10.7 

4.5 

11.0 

2.4 

6.0 

3.0 

1.8 

3.2 

1.5 

1.4 

2.0 

5.0 

5.0 

5.2 

11.1 

2.9 

6.5 

2.8 

2.2 

2.3 

1.5 

1.4 

2.0 

11.3 

4.0 

15.9 

11.4 

3.0 

7.2 

2.6 

2.0 

2.0 

1.4 

1.6 

2.8 

10.6 

4.1 

17.5 

13.6 

2.6 

4.2 

2.5 

1.6 

1.8 

1.8 

1.8 

6.7 

8.6 

6.8 

14.6 

12.7 

2.6 

3.6 

2.4 

1.6 

1.8 

1.8 

2,1 

8.0 

5.8 

7.6 

10.4 

10.6 

2.3 

6.5 

2.4 

1.6 

1.6 

1.6 

2.1 

7.0 

4.0 

6.0 

7.2 

8.6 

2.9 

14.2 

2.4 

1.9 

1.6 

1.6 

2.0 

6.6 

3.4 

5.8 

8.8 

8.5 

3.2 

18.2 

3.6 

2.4 

1.5 

1.5 

5.0 

6.6 

3.1 

5.2 

13.0 

6.5 

2.7 

17.0 

2.8 

2.0 

1.5 

1.5 

11.0 

5.6 

2.8 

4.6 

12.1 

5.3 

2.6 

15.5 

6.2 

1.8 

1.4 

1.4 

11. 5 

4.0 

2.6 

4.0 

8.9 

4.8 

2.5 

15.6 

6.8 

1.6 

1.4 

2.2 

8.6 

3.8 

2.4 

5.8 

4.3 

2.4 

14.2 

6.2 

1.5 

1.3 

2.2 

7.0 

8.6 

2.1 

« 

5.7 

6.0 

2.9 

10.0 

4.5 

1.5 

1    1.3 

2.1 

4.0 

8.5 

2.0 

5.3 

3.0 

! 

1.        — 

4.0 

1.5 

1 

1 

2.1 

5.6 
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DaMy  gage  heightf  in  feet,  of  Coosa  River  at  Rome,  Ga. — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

8.8 

8.6 

13.0 

13.0 

10.0 

7.9 

6.4 

5.6 

5.2 

4.5 

4.3 

4.2 

4.3 

10.4 

10.1 

7.7 

5.8 

5.2 

9.0 

18.6 

17.2 

15.5 

14.6 

12.7 

6.8 

5.6 

4.8 

4.4 

4.2 

4.1 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.6 
2.6 
8.2 
8.0 
2.8 
2.2 
2.0 
1.9 
1.9 
1.8 
1.7 
1.6 
1.8 
2.0 
8.2 
2.6 
2.4 
2.4 
2.0 
1.8 
1.8 
1.6 
1.6 
1.6 
1.6 
1.4 
1.8 
1.3 
1.8 
1.3 
1.2 

1.60 

1.60 

1.60 

1.60 

1.00 

2.00 

1.40 

.90 

.80 

.70 

2.30 

2.20 

2.20 

2.00 

1.80 

1.60 

1.50 

1.30 

1.10 

.90 

.80 

.70 

.60 

.60 

.40 

.30 

.20 

.40 

.40 

.30 

.80 

Nov. 

Dee. 

1901. 
1 

7.4 
6.4 
5.2 
4.2 
4.0 
8.8 
3.5 
3.2 
3.0 
2.8 
8.8 
23.5 
27.0 
23.8 
21.4 
19.8 
17.4 
8.9 
5.0 
4.0 
3.8 
3.8 
3.8 
3.8 
6.7 
6.6 
5.4 
5.2 
5.0 
4.6 
6.3 

28.00 
24.60 
21.90 
17.60 
6.60 
5.60 
4.60 
4.20 
4.00 
3.90 
3.60 
3.50 
3.40 
3.20 
3.00 
2.80 
2.70 
2.70 
3.00 
3.20 
3.60 
4.20 
5.00 
4.00 
3.90 
3.60 
3.60 
4.20 
6.50 
5.80 
5.40 

6.4 

5.8 

5.5 
15.8 
18.5 
13.8 

9.5 

6.5 

9.6 
12.6 
10.5 

7.6 

6.5 

6.6 

6.0 

4.8 

4.2 

4.2 

4.2 

4.0 

3.8 

3.7 

8.6 

8.6 

8.6 

3.2 

8.2 

3.0 



11.80 
22.00 
24.00 
20.00 
16.60 
9.80 
6.30 
5.70 
5.00 
4.60 
4.40 
4.00 
3.90 
3.80 
3.80 
4.00 
4.50 
4.70 
4.50 
4.00 
4.00 
5.00 
6.60 
5.30 
5.00 
5.50 
5.50 
22.70 

3.0 
8.0 
3.0 
3.0 
8.0 
8.0 
3.0 
3.0 
2.8 
5.6 
7.8 
8.0 
6.7 
4.8 
4.0 
8.6 
3.2 
3.0 
8.0 
8.0 
8.0 
3.0 
3.0 
8.6 
3.6 
22.0 
27.0 
24.5 
21.3 
19.2 
16.1 

4.0 

8.8 

8.8 

8.8 

8.6 

3.6 

3.5 

3.4 

3.3 

3.1 

8.0 

2.9 

2.8 

2.8 

2.7 

2.6 

2.6 

2.5 

2.5 

3.0 

10.0 

23.6 

26.4 

21.8 

18.9 

16.5 

11.1 

5.6 

4.9 

4.7 

5.4 

2.90 
2.90 
3.70 
3.40 
3.20 
3.00 
2.90 
2.80 
2.60 
2.60 
2.50 
2.40 
2.30 
2.30 
2.30 
2.40 
2.50 
2.30 
2.30 
2.40 
2.40 
2.80 
2.30 
2.10 
2.00 
2.00 
2.00 
1.80 
1.80 
1.80 
1.80 

10.6 
'    7.6 
5.6 
6.4 
5.0 
4.0 
7.0 
7.6 
5.4 
4.3 
4.0 
3.8 
3.8 
4.0 
4.8 
6.9 
6.0 
5.0 
4.8 
4.0 
3.8 
8.6 
8.6 
3.6 
2.7 
2.7 
3.2 
8.0 
8.6 
3.6 

1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
2.00 
1.90 
1.90 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.90 
1.60 
1.80 
1.50 

i.;w 

1.30 
1.20 
1.20 
1.10 
1.00 
1.00 



8.6 
3.0 
3.0 
2.6 
2.4 
2.2 
6.2 
4.8 
3.3 
2.6 
2.4 
2.3 
2.0 
2.0 
2.0 
1.9 
1.7 
5.5 
3.0 
3.0 
2.4 
2.4 
2.4 
2.0 
2.0 
1.9 
1.7 
2.8 
1.9 
1.9 
1.6 

1.8 

1.8 

1.8 

1.6 

1.6 

2.6 

5.3 

5.9 

8.0 

2.6 

1    2.5 

8.4 

3.0 

2.3 

4.5 

7.2 

10.5 

9.8 

10.8 

12.6 

10.8 

14.5 

20.8 

23.2 

18.3 

13.1 

6.6 

8.8 

7.5 

6.2 

5.6 

1.20 

1.00 

.80 

.80 

1.50 

1.40 

1.20 

1.20 

.60 

.40 

.30 

.30 

1,00 

.60 

.60 

.80 

.60 

.50 

.40 

1.00 

1.80 

1.00 

.90 

.70 

.50 

.50 

.60 

1.20 

1.70 

1.00 

1.00 

6.4 
6.8 
8.7 
3.4 
8.0 
2.9 
2.6 
2.2 
2.0 
2.0 
2.0 
2.0 
1.8 
2.0 
8.0 
2.4 
6.0 
11.2 
11.1 
7.0 
8.9 
8.7 
8.3 
2.8 
2.6 
2.5 
2.3 
2.0 
2.0 
2.6 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.6 
1.2 
1.4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

.20 

.20 

.20 

.20 

.20 

.40 

2.00 

1.60 

1.t» 

.80 

.80 

.70 

.60 

.60 

.60 

.60 

.60 

.90 

1.60 

1.30 

1.10 

1.10 

1.00 

.90 

1.60 

3.10 

4.80 

3.80 

2.40 

2.20 

1.3 

2 

l.S 

8 

1.3 

4 

1.5 

6 

2.U 

6 

l.H 

7 

l.h 

8 

1.8 

9 

1.8 

10 

1.8 

11 

2.6 

12 

2.6 

13 

2.1 

14 

•>  ■> 

15 

16.4 

16 

17.6 

1?::::::::::;::: 

19 

14.7 
14.0 
13.0 

20 

5.6 

21 

3.0 

22 

28 

24 

2.0 
2.0 
3.6 

25 

4.0 

26 

3.7 

27 

6.7 

28 

6  0 

29 ^... 

30 

21.5 
29  H 

31 

32.6 

1902. 
1 

28.50 

27.tjO 

24.10 

21.60 

19.20 

14.00 

10.10 

8.70 

7.20 

7.00 

6.60 

6.00 

5.60 

5.50 

5.00 

7.00 

14.00 

11.60 

8.60 

6.20 

5.60 

5.10 

5.00 

4.70 

4.70 

4.60 

4.20 

5.00 

20.60 

28.90 

26.80 

21.30 
14.80 
7.20 
5.80 
5.70 
6.20 
6.70 
6.70 
7.70 
6.60 
5.60 
5.00 
4.70 
4.50 
4.40 
4.30 
4.50 
5.70 
5.00 
4.00 
3.90 
3.80 
3.70 
3.50 
3.30 
3.20 
3.20 
3.00 
3.00 
2.90 

1.00 

1.00 

1.10 

1.00 

.90 

.90 

1.00 

.90 

.90 

.90 

.90 

1.40 

1.60 

1.80 

1.40 

2.00 

1.40 

1.20 

1.00 

1.00 

.90 

.80 

.80 

.70 

.60 

.50 

.50 

.50 

.70 

2.00 

1.60 

1.00 

.80 

1.20 

1.00 

1.20 

1.00 

.80 

.60 

.90 

1.00 

.90 

.70 

.60 

2.60 

1.90 

1.00 

.70 

.40 

.40 

.40 

1.00 

.80 

.60 

.30 

2.20 

4.00 

3.80 

2.00 

2.00 

1.80 

1.90 

2 

2.00 

3 

6.20 

4 

6.80 

5 

5.80 

6 

5.  {*) 

7 

4.UU 

8 

2.70 

9 

2.^ 

10 

11 ■ 

12 ;■ 

1.90 
1.60 
1.40 

13 

1.20 

14 

1.20 

15 ' 

1.10 

16 

2.40 

17 

4.30 

18 

4.50 

19 

3.81) 

20 

3.00 

21 

4.9i) 

22 

5.80 

23.. 

5.80 

24    .       

25 

26;.    

5.20 
3.K> 
3.00 

27... 

2.60 

28  .       

29  .     

80       
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Ikniy  gage  height,  infeetf  of  Ooom  Rirer  at  Rome,  Ga. — Continued. 


D»r. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jqdc. 

July. 

A^. 

Sept. 

Oct. 

Nov. 

Dec. 

1903 

1 

8.0 

2.8 

28.6 

24.9 

3.6 

6.0 

3.0 

2.8 

1.0 

.4 

.7 

.9 

2 

3.9 

2.8 

27.1 

22.0 

8.6 

7.7 

3.2 

2.6 

.9 

.4 

.7 

.9 

3 

8.9 

4,2 

24.0 

19.5 

8.6 

9.0 

2.9 

3.0 

.9 

.4 

.8 

.8 

4 

&.0 

8.4 

22.3 

14.6 

8.5 

7.5 

2.7 

3.3 

.9 

.3 

1.6 

.7 

5 

4.3 

13.2 

20.5 

8.0 

3.5 

11.7 

2.6 

3.2 

.8 

.8 

1.5 

.7 

6 

4.0 

13.4 

15.4 

7,0 

3.3 

17.1 

2.6 

6.2 

.7 

.3 

2.0 

,7 

7  .............. 

3.7 
8.0 

9.7 
18.7 

9.9 

7.7 

6.4 
7.7 

3.4 
8.5 

11.7 
6.9 

2.6 
2.4 

4.6 
8.6 

.7 
.6 

.2 

.6 

2.0 
1.6 

.7 

8 

.7 

9 

2.8 

21.6 

6.6 

10.5 

3.5 

5.3 

2.6 

3.4 

.6 

1.4 

1.4 

.7 

10 

2.4 

16.5 

10.5 

8.4 

3.4 

4.4 

2.6 

8.0 

.6 

1.6 

1.3 

.7 

11 

3.0 

15.1 

11.6 

6.7 

8.3 

4.3 

2.5 

2.6 

.6 

1.5 

1.2 

.7 

12 

5.0 
5.0 

21.8 
19.6 

16.0 
14.0 

6.3 
5.6 

8.3 
8.0 

6.0 

4.6 

2.9 
5.9 

2.2 
2.0 

.6 
.6 

1.4 
1.3 

1.2 
1.2 

.6 

13 

.6 

14 

4.8 
3.9 
2.5 
2.4 
2.4 

14.5 
11.1 
8.7 
24.7 
28.7 

10.1 
9.4 
7.8 
6.8 
6.3 

14.8 

18.0 

9.5 

7.4 

6.2 

8.0 
8.1 
8.3 
3.0 
8.0 

4.2 
4.0 
8.8 
3.4 
3.0 

11.1 
6.7 
3.7 
3.5 
3.3 

2.0 
1.6 
4.3 
3.2 

2.8 

.6 

.6 

.9 

1.7 

2.0 

1.1 

.9 

.8 

1.2 

1.3 

1.2 
1.0 
1.0 
1.0 
1.0 

.6 

15 

6 

16 

.6 

17        

.6 

1* 

.6 

19 

2.4 

25.5 

5.7 

5.3 

2.8 

2.4 

3.0 

2.2 

1.5 

1.2 

1.5 

.6 

20 

2.4 

21.0 

5.3 

5.7 

2.5 

2.7 

2.9 

2.1 

1.2 

1.0 

1.4 

.6 

21 

2.2 

15.2 

11.0 

5.8 

2.5 

2.5 

2.5 

2.0 

.9 

.8 

1.3 

.7 

22 

2.0 

7.1 

11.6 

5.5 

2.6 

2.4 

2.4 

2.0 

.8 

.8 

1.2 

1.3 

23    

•2.0 
2.0 

5.8 
5.1 

16.9 
22.6 

4.9 

4.7 

2.6 
2.5 

2.2 
2.2 

3.0 
8.0 

1.9 
1.8 

.7 
.5 

.7 
.7 

1.1 
1.0 

1.3 

24 

1.0 

2.0 
2.0 

4.8 
4.5 

20.6 
16,0 

4.4 

4.9 

2..5 
2.3 

2.2 
2.2 

2.6 
2.4 

1.6 
1.5 

.5 
.5 

.7 
.6 

1.0 
1.0 

.9 

26 

.9 

27 

2.0 
2.4 
3.2 

1    4.2 

4.0 
23.1 

9.7 

6.9 

7.8 

22.5 

4.7 
4.0 
8.9 
8.7 

2.1 
2.0 
2.0 
2.4 

2.4 

6.8 
6.8 
4.0 

2.1 
2.0 
1.8 
2.3 

1.4 
1.4 
1.8 
1.3 

.6 
.5 
.4 
.4 

.6 
.5 
.4 
.4 

1.0 
.9 
•  9 
.9 

.9 

•> 

.9 

.9 

» 

.9 

31 

3.8 

m 

27.6 

6.7 

2.6 

1.2 

.7 

.9 

IKR   Wt 
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Rating  table  for  Coosa  River  at  Rome,  Ga.,  for  1897  and  1898, 


height. 

Discharge. 

height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

1 
Discbargre. 

Ft€t. 

Second-feet. 

F^et. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet,  j 

-0.15 

990 

2.5 

3,760     i 

5.1 

8,445 

7.7 

13, 515     i 

.0 

1,070 

2.6 

3,910     1 

5.2 

8,640 

7.8 

13, 710     ' 

.1 

1,140 

2.7 

4,060 

5.3 

8,835 

7.9 

13,905 

.2 

1,210 

2.8 

4,220 

5.4 

9,030 

8.0 

14,100 

1 

.3 

1,280 

2.9 

4,380 

5.5 

9,225 

8.1 

14,2.5 

.4 

1,360 

3.0 

4,540    1 

5.6 

9,420 

8.2 

14,490 

.5 

1,440 

3.1 

4,700 

5.7 

9,615 

8.3 

14,685 

.6 

1,520 

3.2 

4,860     1 

5.8 

9,810 

8.4 

14,880 

.7 

1,610 

3.3 

5,020     ! 

5.9 

10,005 

8.5 

15, 075 

.8 

1,700 

3.4 

5,180 

6.0 

10,200 

8.6 

15, 270 

.9 

1,800 

3.5 

5,340 

6.1 

10, 395 

8.7 

15, 465 

1.0 

1,900 

3.6 

5,520 

6.2 

10,590 

8.8 

15,660 

1.1 

2,000 

3.7 

5,715 

6.3 

10,785 

8.9 

15, 855 

1.2 

2,110 

3.8 

5,910 

6.4 

10,980 

9.0 

16,050 

1.3 

2,220 

3.9 

6,105 

6.5 

11,175    1 

10.0 

18,000 

1.4 

2,330 

4.0 

6,300 

6.6 

11,370    , 

11. 0 

19,950     \ 

1.5 

2,450 

4.1 

6,495 

6.7 

1 

11,565 

12.0 

21,900 

1.6 

2,570 

4.2 

6,690 

6.8 

11,760 

13.0 

23,850 

1.7 

2,690 

4.3 

6,885 

6.9 

11,955 

14.0 

25,800 

1.8 

2,810 

4.4 

7,080 

7.0 

12,150 

15.0 

27,750     : 

1.9 

2,930 

4.5 

7,275 

7.1 

12,345 

16.0 

29,700     , 

2.0 

3,060 

4.6 

7,470 

7.2 

12,540 

17.0 

31,650 

2.1 

3,190 

4.7 

7,665 

7.3 

12,735 

18.0 

33,600 

2.2 

3,320 

4.8 

7,860 

7.4 

12,930 

20.0 

37,500 

2.3 

3,460 

4.9 

8,055 

7.5* 

13, 125 

22.0 

41,400 

2.4 

3,610 

1 

5.0 

8,250 

7.6 

13,320 

24.0 

45,300 
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Rating  table  for  Coosa  River  at  Rome,  Ga,,  jor  1899, 


Cf«M?e 
hoiirht. 

Disioharge. 
Srrtmd-/eeL 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 
S^tonorfftt. 

(>age 
height 

Discharge. 

FiKL 

i^etL 

Seeondr/eet. 

FueL 

Sf€tmd-/f(i. 

1.0 

2,030 

5.0 

8,710 

9.7 

18,157 

13.7 

28, 197 

1.1 

2,124 

5.1 

8,911 

9.8 

18,358 

13.8 

26 

,398 

1.2 

2,218 

5.2 

9,112 

9.9 

18,559    ! 

'     13.9 

26 

,599 

1.3 

2,312 

1      5.3 

9,313 

10.0 

18,760 

14.0 

26 

,800 

1.4 

2,406 

5.4 

9,514 

!     10.1 

18, 961 

14.1 

27 

,001 

1.5 

2,500 

5.5 

9,715 

10.2 

19, 162 

14.2 

27 

,202 

1.6 

2,620 

5.6 

9,916 

10.3 

19, 3a3 

14.3 

27 

,403 

1.7 

2,740 

;      5.7 

10, 117 

10.4 

19,564 

14.4 

27 

,604 

1.8 

2,860 

5.8 

10, 318 

10.5 

19,765    ' 

14.5 

27 

,8a'> 

1.9 

2,980 

'      5.9 

10, 519 

10.6 

19,966    1 

14.6 

28 

,006 

2.0 

3,100 

6.0 

10,720 

10.7 

20,167 

14.7 

28 

,207 

2.1 

3,260 

1       6.1 

10,921 

!     10.8 

20,368    1 

14.8 

28 

,408 

2.2 

3,420 

6.2 

11,122 

10.9 

20,569 

14.9 

28 

,609 

2.3 

3, 580 

6.3 

11,323 

11.0 

20,770    ' 

15.0 

28 

,810 

2.4 

3,740 

6.4 

11,524 

11.1 

1 

20, 971 

15.1 

29, 

,011 

2.5 

3,900 

6.5 

11,725 

'     11.2 

21,172 

15.2 

29, 

,212 

2.6 

4,060 

6.6 

11,926 

11.3 

21,373 

15.3 

29, 

,413 

2.7 

4,220 

6.7 

1 

12, 127 

11.4 

21,574 

15.4 

29, 

,614 

2.8 

4,380 

6.8 

12,328 

,     11.5 

21,775    1 

15.5 

29 

,815 

2.9 

4,540 

6.9 

12,529 

11.6 

21,976 

15.6 

30 

,016 

3.0 

4,700 

7.0 

12,730 

,     11.7 

1 

22,177 

15.7 

30, 

,217 

3.1 

4,900 

1      7.1 

12,931 

1     11.8 

22,378     , 

15.8 

30 

,418 

3.2 

5,100 

7.2 

13,132    1 

,     11.9 

22, 579 

15.9 

:» 

,619 

3.3 

5,300 

7.3 

13, 333 

,     12.0 

1 

22,780    ' 

16.0 

30 

,820 

3.4 

5,  500 

7.4 

13,534     ' 

,     12.1 

22, 981 

16.1 

31 

,021 

3.5 

5,700 

7.5 

13,7:^    ' 

1     12.2 

23,182 

16.2 

31, 

222 

3.6 

5,900 

7.6 

13,936    ' 

,     12.3 

23,383     i 

16.3 

31 

,423 

3.7 

6,100 

7.7 

14,137 

12.4 

23, 584 

16.4 

31 

,624 

3.8 

6,300 

7.8 

14,338    ' 

12.5 

23,7^5 

16.5 

31 

,825 

3.9 

6,500 

7.9   . 

14,539     ' 

12.6 

23,986     1 

16.6 

32, 

026 

4:0 

6,700 

8.0 

14,740    ' 

12.7 

24,187 

16.7 

32 

,227 

4.1 

6, 901 

8.1 

14,941 

12.8 

24,388 

16.8 

32, 

428 

4.2 

7,102 

8.2 

15, 142 

12.9 

24, 589 

10.9 

32, 

629 

4.3 

7,303 

9.0 

16,750 

13.0 

24,790 

17.0 

32, 

830 

4.4 

7,504 

9.1 

16,951     ' 

13.1 

24, 991     1 

17.1 

33, 

031 

4.5 

7,705 

9.2 

17,152     1 

13.2 

25,192 

17.2 

3:i, 

232 

4.6 

7,906 

9.3 

17,353    ! 

13.3 

25,  393 

17.3 

33, 

433 

4.7 

8,107 

9.4 

17,554     ' 

13.4 

25, 594 

17.4 

33, 

634 

4,8 

8,308    , 

9.5 

17,755 

13. 5 

25,  795 

17.5 

33, 

8a5 

4.9 

8,509 

9.6 

17,956 

1 

13.6 

25,996     : 

17.6 

34, 

036 
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Rating  table  for  Coom  River  at  Rome^  Ga.yfor  1899 — Continued. 


Gage 
height. 

DiHcharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

1 

Discharge. 

Gage 
height. 

1 

DLschari^. 
Second-feet, 

Beet. 

F-eet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

17.7 

34,237 

20.8 

40,468 

23.9 

46,699 

1     27.0 

52, 930 

17.8 

34,438 

20.9 

40, 669 

24.0 

46,900 

27.1 

53,131 

17.9 

34,639 

21.0 

40, 870 

24.1 

47, 101 

27.2 

53,332 

18.0 

34,840 

21.1 

41,071 

24.2 

47,302 

27.3 

53,533 

18.1 

35, 041 

21.2 

41,272     ' 

24.3 

47,503 

27.4 

53,734 

18.2 

35, 242 

21.3 

41,473 

24.4 

47,704 

27.5 

53,935 

18.3 

35,443     ' 

21.4 

41,674 

24.5 

47,905 

27.6 

54,136 

18.4 

35, 644 

21.5 

41, 875 

24.6 

48,106 

1     27.7 

54,337 

18.5 

35,845 

21.6 

42, 076 

24.7 

48, 307 

i     27.8 

1 

54,538 

18.6 

36,046 

21.7 

42,277 

24.8 

48,508 

27.9 

54,739 

18.7 

36, 247 

21.8 

42, 478 

24.9 

48,709 

28.0 

54,940 

18.8 

36,448 

21.9 

42, 679 

25.0 

48, 910 

28.1 

55, 141 

18.9 

36,649     1 

22.0 

42,880 

25.1 

49,  111 

28.2 

55, 342     i 

19.0 

36,850 

'     22.1 

43, 081 

25.2 

49,312 

28.3 

55, 543 

19.1 

37,051 

22.2 

43, 282 

25.3 

49, 513 

!     28.4 

56,744 

19.2 

37, 252 

22.3 

43,483 

25.4 

49,  714 

,     28.5 

56.945 

19.3 

37,453 

22.4 

43,684 

25.6 

49, 915 

28.6 

56,146 

19.4 

37,654 

1     22.5 

43,885 

,    25.6 

50,116 

'     28.7 

1 

56,347     : 

19.5 

37, 855 

22.6 

44,086 

25.7 

50,317 

28.8 

56,548 

19.6 

38,056 

;     22.7 

44,287 

25.8 

50,518 

i     28.9 

66,749 

19.7 

38, 257 

■  22.8 

44,488     ; 

25.9 

50,719 

29.0 

56, 950 

19.8 

38, 458 

22.9 

44,689 

26.0 

50,920 

29.1 

57, 151 

19.9 

38,659 

23.0 

1 

44,890 

26.1 

51, 121 

29.2 

1 

57, 352 

20.0 

38,860 

23.1 

45,091 

26.2 

51, 322 

!     29.3 

57,563     I 

20.1 

39, 061 

23.2 

45,292     1 

26.3 

51,523 

29.4 

57,754 

20.2 

39,  262 

23.3 

45,493 

26.4 

51, 724 

29.5 

57,955 

20.3 

39, 463 

23.4 

45, 694 

26.5 

51,925 

29.6 

1 

58,156 

20.4 

39,664 

23.5 

45, 895 

26.6 

52, 126 

29.7 

58, 357 

20.5 

39,  865 

23.6 

46,096 

26.7 

52, 327 

•29.8 

58, 558 

20.6 

40,066 

23.7 

46,297 

26.8 

52, 528 

29.9 

1 

58,759 

20.7 

40, 267 

23.8 

46,498 

1 

26.9 

52,729 

30.0 

58,i)60 
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Rating  table  for  Oxaa  River  at  Roiney  Ga.,  for  1900  and  1901, 


G«ge 
height. 

1 

Dischmge. 

Gage 
height. 

DiKharge. 

1 

'     Gage 
,   height. 

1 
DiM'haige.  i, 

height. 

Diwharge.  " 

F^kL 

Seeohd-Jea. 

,      Feet. 

Second-feet. 

Second-feet,  i 

Srctmd'fert. 

0.8 

1,930 

1.6 

2,850 

2.4 

4,000 

3.2 

5,230 

.9 

2,020 

1.7 

2,985 

2.5 

4,150     1 

3.3 

5,405    1 

1.0 

2,110 

1.8 

3,120 

2.6 

4,300     1 

3.4 

5,580 

1.1 

2,230 

1.9 

3,260 

2.7 

4,450     1 

3.5 

5, 755 

1.2 

2,350 

2.0 

3,400 

2.8 

4,600 

03.6 

5,930 

1.3 

2,476 

2.1 

3,550 

1       2.9 

4,750 

1.4 

2,600 

1 

2.2 

1 

3,700 

3.0 

4,900 

1.5 

2,725 

2.3 

3,850 

1 

3.1 

5,065  :; 

il 

<i  AhDYe  3.6  feet  gage  height  the  rating  for  1900-1901  ia  the  eame  as  for  1H99. 
Rating  table  for  Coom  River  at  Rome,  Ga,ffor  190S, 


Gage 

height. 

Diiichaige. 

Gage 
height. 

Discharge. 
Seeond-fcet. 

1 

Gage 
height 

Discliarge. 
Second-feet. 

he^t. 

Discharge. 
'  Second-feet. 

Ret. 

Secondrfeet. 

Feet. 

F^a. 

Feet. 

0.2 

1,410 

4.2 

7,102 

8.2 

15, 142 

'     15.5 

29,815 

.4 

1,555 

4.4 

7,504     j 

8.4 

15,544 

16.0 

30,820 

.6 

1,720 

4.6 

7,906 

8.6 

15,946 

17.0 

32,830 

.8 

1,905 

4.8 

8,308 

8.8 

16,348 

18. 0« 

34,840    • 

1       1.0 

1 

2,110 

5.0 

8,710    ' 

9.0 

16,750 

'     19.0 

36,850 

'      1.2 

2,350 

5.2 

9,112 

9.2 

17, 152 

20.0 

38,860 

:     1.4 

2,600 

5.4 

9,514 

9.4 

17,554 

21.0 

40,870 

1.6 

2,850 

5.6 

9,916 

9.6 

17,956 

22.0 

42,880 

1.8 

3,120 

5.8 

10, 318 

9.8 

18,358 

23.0 

44,890 

2.0 

3,400 

6.0 

10,720 

10.0 

18,  760 

24.0 

46,900 

2.2 

3,700 

6.2 

11,122 

10.5 

19,765 

25.0 

48, 910 

2.4 

4,000 

6.4 

11,524 

11.0 

20, 770 

26.0 

50,920 

2.6 

4,300 

6.6 

11,926 

11.5 

21,775    ' 

27.0 

52, 930 

2.8 

4,600 

6.8 

12, 328 

12.0 

22,780 

28.0 

54,940 

3.0 

4,900 

7.0 

12,730 

12.5 

23,785 

29.0 

56,950 

3.2 

5,230 

7.2 

13, 132 

13.0 

24,790 

30.0 

58,960 

3.4 

6,580 

7.4 

13,534 

13.5 

25,795    1 

31.0 

60,970 

3.6 

5,930 

7.6 

13,936 

14.0 

26,800 

32.0 

62,980 

3.8 

6,300 

7.8 

14,338 

14.5 

27,805 

33.0 

64,990 

4.0 

6,700 

8.0 

14,740 

15.0 

1 

28,810    ; 

1 

31.0 

67,000 
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Rating  table  for  Coosa  River  at  Rome^  Ga. ,  for  190S. 


Gage 
height. 

Feet. 

Dischaige. 
Second-feet. 

Gage 
height. 

Discharge. 

1 
Seamd-feet. 

Gage 
height. 

Dischaige. 

1 

1     Gage 
height. 

Discharge. 

Feet. 

Feel. 

Second-feet. 

Feet. 

SefxmdrfeeL 

0.20 

1,280 

1.50 

2,920 

2.80 

4,795 

4.10           6,950 

.30 

1,390 

1.60 

3,060     p 

2.90 

4,945 

4.20 

7,140     1 

.40 

1,510 

1.70 

3,200     1 

3.00 

5,095 

4.30     ]      7,330 

.50 

1,630 

1.80 

3,340 

3.10 

5,250 

1    4.40          7,520 

.60 

1,750 

1.90 

3,480 

3.20 

5,405 

4.50          7,710 

.70 

1,880 

2.00 

3,620 

3.30 

5,565 

4.60 

7,910 

.80 

2,010 

2.10 

3,765 

3.40 

5,725 

4.70          8,110 

.90 

2,140 

2.20 

3,910 

3.50 

5,890 

4.80 

8, 310 

1.00 

2,270 

2.30 

4,055 

3.60 

6,055 

1     4.90 

8,510 

1.10 

2,400 

2.40 

4,200 

3.70 

6,225 

"5.00 

8,710 

1.20 

2,530 

2.50 

1 

4,345 

3.80 

6,400 

1.30 

2,660 

2.60 

4,495 

3.90 

6,580    ' 

1.40 

2,790 

2.70 

4,645 

4.00 

6,760 

1 

a  Use  1902  table  above  5  feet. 

Estimated  morUhly  discharge  of  Coosa  River  at  Rome,  Ga. 
[Drainage  area,  4,006  square  miles.] 


Month. 


1897. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year . . 


Discharge  In  second-feet. 


Run-off. 


Maximum. 


17,025 

20, 925 

44,910 

35,150 

8,250 

4,540 

23,460 

4,860 

1,900 

2,570 

2,000 

9,810 


Minimum. 


44,  910 


1,800 
4,220 
4,700 
4,860 
2,930 
1,900 
1,800 
1,360 
900 
1,010 
1,440 
1,900 


900 


Mean. 


^L?3«  inches, 

mue. 


4,820 

10, 100 

22, 537 

12,304 

4,421 

2,884 

5,184 

2,256 

1,106 

1,518 

1,626 

4,806 


6,070 


1.20 

2.52 

5.63 

3.07 

1.10 

.72 

1.30 

.56 

.28 

.38 

.41 

1.02 


1.52 


1.38 

2.62 

6.49 

3.43 

1.27 

.80 

1.50 

.64 

.31 

.44 

.46 

1.18 


20.52 
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EaUmated  monthly  ducharge  of  Coosa  River  at  Rome,  Oa. — Continued. 


Month. 


1898. 

January 

February 

March 

April 

May  ...., 

June 

July 

August 

September 

October 

November 

December 

The  year . . 

1899. 

January  

Febniary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year . . 


Discharge  in  second-feet. 


Maximum. 


26,970 

5,520 

20,730 

32,040 

4,220 

5,520 

6,690 

17,805 

45,885 

44,910 

12,150 

8,250 

45,885 

10, 519 

54, 538 

57,352 

28, 810 

6,700 

6,700 

24,388 

3,900 

5,500 

2,030 

4,700 

13,735 


Minimum. 


57,352 


2 
2 
4 
2 
2 
1 
2 
3 
3 
3 


4 

8 
7 
6 
3 
2 
1 
1 
1 
1 
1 
1 


220 
110 
110 
540 
330 
110 
900 
930 
060 
060 
060 
610 


900 


060 
710 
705 
700 
100 
740 
950 
790 
550 
470 
470 
870 

470 


Run-off. 


Mean. 


7 
2 
4 
9 
2 
2 
3 
6 
12 
11 
5 
4 


6 


6 

22 

26 

13 

4 

3 

5 

2 

2 

1 

2 

4 


272 
705 
384 
430 
778 
866 
670 
079 
114 
830 
213 
996 


Second-feet 

perrauare 

mile. 


Ill 

092 
536 
314 
333 
783 
489 
499 
595 
219 
684 
009 
314 


906 


1.82 

.68 

1.10 

2.36 

.69 

.72 

9.17 

1.52 

3.03 

2.96 

1.30 

1.25 


2.22 


1.52 

5.62 

6.57 

3.33 

1.19 

.87 

1.37 

.65 

.55 

.42 

.50 

1.08 


Depth  in 
Inches. 


2.10 

.71 

1.27 

2.63 

.79 

.80 

10.59 

1.75 

2.26 

3.41 

1.45 

1.44 

29.20 

1.75 

5.85 

7.57 

3.72 

1.37 

.97 

1.58 

.75 

.61 

.48 

.56 

1.25 


1.97 


26.46 
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EfAimaied  moiUldy  discharge  of  Coosa  River  at  Rome,  Ga. — Continued. 


Month. 


1900. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November , 

December 

The  year . . 

1901. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year . . 


DLschaige  In  aeoond-feet. 


Maximum. 


21 
53 
33 
25 

11 
35 

19 

5 

20 

10 
21 
14 


53 


52 
35 
52 
36 
51 

19 
9 

45 

21 

5 

2 

64 


64 


373 
332 
835 
996 
122 
242 
765 
580 
971 
519 
775 
740 


332 


930 
845 
930 
046 
724 
966 
715 
292 
172 
230 
850 
186 


186 


Minimum. 


2,725 
2,850 
6,300 
5,755 
3,850 
4,000 
4,000 
2,725 
1,930 
2,010 
2,600 
3,400 


1,930 


4,600 
4,900 
4,600 
6,901 
4,150 
4,450 
2,850 
2,850 
3,120 
2,350 
2,110 
2,475 


2,110 


Mean. 


6,854 

14,736 

14, 714 

12,050 

5,129 

14,154 

7,589 

3,488 

3,960 

3,408 

5,438 

7,096 


8,218 


15,450 

12,186 

13,406 

15, 578 

12,533 

8,316 

4,441 

13,780 

6,389 

3,414 

2,316 

13,428 


10,103 


Run-off. 


Seoond-feet 

per  sQuare 

mile. 


Depth  in 
inches. 


1.71 

3.68 

3.67 

3.01 

1.28 

3.53 

1.89 

.87 

.99 

.85 

1.36 

1.77 


2.05 


3.86 
3.04 
3.34 
3.88 
3.12 
2.08 
1.10 
3.44 
1.59 
.85 
.58 
3.35 


2.52 


1.97 
3.88 
4.33 
3.36 
1.48 
3.94 
2.18 
1.00 
1.10 
.98 
1.52 
2.04 

27.73 


4.46 
3.17 
3.85 
4.33 
3.60 
2.32 
1.27 
3.97 
1.77 
.98 
.65 
3.86 


34.22 
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EgHmated  m<nUhly  discharge  of  Coosa  River  tU  Rome,  Ga. — Continued. 


KoDth. 


1902. 

Janoarv , 

February 

March 

April 

Mav 

June 

July 

AagQSt 

September 

October 

November 

December 

The  year  . . 

1903. 

Janoary  

February 

^larch 

April 

May 

Jane 

Jnly 

August 

September 

October 

November 

December 

The  year  . , 


DischarKe  In  second-feet. 


Run-off. 


Maximum.  **  Minimum. 


54,940 

46,900 

56,749 

41, 473 

6,115 

3,400 

3,400 

2,985 

6,700 

3,850 

8,308 

12, 328 


56,749 


8,710 

56,347 

56,146 

48,709 

12,127 

33,031 

20,971 

11, 122 

3,620 

3,060 

3,620 

2,660 


56,347 


4,450 
6,300 
7,102 
4,750 
3,120 
2,110 
1,635 
1,480 
1,480 
1,410 
1,410 
2,225 

1,410 


3,620 
4,795 
9,313 
6,225 
3,620 
3,910 
3,340 
2,530 
1,510 
1,280 
1,880 
1,750 


1,280 


Mean. 


Second-feet ! 

per  Mjuare 

mile. 


Depth  in 
Ineheii. 


11,816 

14,812  i 

21,W4  . 

10,015  I 

4,089 

2,836 

2,214 

1,998 

2,505 

2,346 

2,572 

5,885 

6,920 


5,442 

25, 376 

27,111 

15,788 

5,278 

9,594 

5,616 

4,472 

2,002 

2,002 

2,512 

1,985 


8,932 


2.95 

3.70  I 

5.48  I 

2.50  I 

1.02  , 

.71  ' 

.55 

.60 

.63 

.59 

.64 

1.47 


1.73 


1.36 

6.34 

6.78 

3.95 

1.32 

2.40 

1.40 

1.12 

.50 

.50 

.63 

.50 


2.23 


3.40 

3.85 

6.32 

2.79 

1.18 

.79 

.63 

.58 

.70 

.68 

.71 

1.69 

23.32 


1.57 

6.60 

7.82 

4.41 

1.52 

2.68 

1.61 

1.29 

.56 

.58 

.70 

.58 


29.92 
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Net  horsepower  per  foot  of  faU  with  a  turbine  efficiency  of  SO  per  cent  for  the  minimtnn 

monlMy  discluxrge  of  Coosa  River  at  Rome^  Ga. 


Month. 


1899. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November. 
December . 


Mini- 

mum 

Minimum 
discharge. 

net 
horee- 
power 

per  foot 

of  fall. 

Sec.-Jl. 

4,060 

369 

8,710 

792 

7,705 

700 

6,700 

609 

3,100 

282 

2,740 

249 

1,950 

177 

1,790 

163 

1,550 

141 

1,470 

134 

1,470 

134 

1,870 

170 

Dura- 
tion of 
mini- 
mum. 


Days. 
2 
2 
1 
1 
2 
4 
1 
3 
1 
4 
7 
4 


1900. 


Minimum 
discharge. 


Sec.-/t. 

2, 725 

2,850 

6,300 

5,755 

3,850 

4,000 

4,000 

2,725 

1,930 

2,010 

2,600 

3,400 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


248 
259 
573 
523 
350 
364 
364 
248 
175 
183 
236 
309 


Dura- 
tion of 
mini- 
mum. 


Minimum 
discharge. 


Days. 
8 


3 
3 
5 
3 
2 
2 


1901. 


Sec.-fl. 

4,600 

4,900 

4,600 

6,901 

4,150 

4,450 

2,850 

2,850 

3,120 

2,350 

2,110 

2,475 


Mini- 
mum 
net 
horse- 
power I 
per  f(H)t 
of  fall.; 


418 
445 
418 
627 
377 
405 
259 
259 

214 
192 
225 


Dura- 
tion of 
mini- 
niutii. 


Dayn. 

1 

1 

1 

1 

2 
•> 

1 
2 

1 
1 

10 


3 


SURVEY  OF  COOSA  RIVER. 

Coosa  River  has  its  beginning  at  the  junction  of  Etowah  and  Oosta- 
naula  rivers,  at  Rome,  Ga.,  a  short  distance  east  of  the  Alabama  line. 

From  Rome  down  to  Greensport,  Ala.,  a  distance  of  about  180  miles 
by  river,  navigation  has  been  carried  on  for  many  years.  The  total 
fall  in  this  section  is  only  about  55  feet,  and  is  so  well  distributed  that  it 
has  not  been  necessary  to  construct  locks  at  any  point,  though  improve- 
ments have  been  made  by  the  United  States  Government* in  the  way 
of  deepening  channels,  blasting  out  reefs,  building  wing  dams,  etc. 

This  part  of  the  river  will  therefore  not  be  considered  as  having 
any  water-powxr  value. 

Below  Greensport,  Ala.,  the  river  has  a  large  amount  of  fall,  and 
although  it  is  proposed  to  make  the  whole  distance  navigable  by  the 
construction  of  locks,  there  are  many  fine  water  powers  which  can  be 
developed  in  connection  with  the  river  improvements  without  inter- 
fering with  navigation. 

A  complete  survey  has  been  made  of  this  portion  of  the  river  by  the 
United  States  engineers,  and  a  system  of  locks  planned. 

The  level  notes  herein  presented  are  reproduced  from  that  survey, 
and  show  the  river  profile  and  the  location  of  the  shoals. 
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The  total  distance  between  Greensport  and  Wetumka,  Ala.,  is  142 
miles,  and  the  number  of  locks  proposed  is  31,  varying  in  lift  from 
5.83  feet  to  15  feet.  Of  these,  only  three  have  been  completed — 
Nos.  1,  2,  and  3.     No.  4  is  in  process  of  construction. 


R^ 


T.14. 


T.I  5. 


R.I. 


T.I  7. 


T.18. 


T.I  9. 


T.21. 


R.1.E 


•OU.  R\ 


a  ILUMBl  6  A  Wr   R.  R 


T.20.  N 


R.2. 


tlVEn  UDE, 


R.3. 


q  IBBWB  »OHT 


R.4.       R.5. 


T 


R.6. 


R.7. 


R.a 


R.20.>    R.21. 


R.22, 


Fio.  6.— Map  of  Coosa  River  from  Greensport  to  Wetumka. 

The  following  table  show^s  the  lift  or  fall  at  each  lock,  the  discharge 
of  the  river  in  second-feet  for  the  minimum  low  stages  of  water  in  1897 
and  in  1900,  and  the  equivalent  net  horsepower  for  the  fall  shown. 
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The  minimum  low  water  is  based  on  the  exceptionally  low  stages  of 
1896  and  1897,  the  lowest  of  which  there  is  any  record;  the  minimum 
for  the  year  1900  represents  lowest  water  for  average  years. 

In  estimating  the  amount  of  horsepower  that  'will  be  available  it 
will  be  necessary  to  deduct  the  amount  of  water  which  will  be  neces- 
sary for  lockage.  This  will  depend  upon  the  amount  of  traffic  on  the 
river,  but  will  probably  in  no  case  amount  to  more  than  10  per  cent  of 
the  discharge. 

At  most  of  these  locks  and  proposed  locks,  reservations  have  been 
made  by  the  original  owners  of  the  river  front  of  the  privilege  of 
utilizing  for  power  the  water  not  needed  for  lockage.  By  construct- 
ing a  plant  at  the  opposite  end  of  the  Government  dam  from  the  look, 
the  surplus  water  can  be  used  for  power  without  interfering  with 
navigation. 

Discharge  and  net  horsepower  at  proposed  locks  on  Coosa  River  at  loivest  water  of  1897  and 

1900. 

[80  per  cent  of  theoretical  horsepower.] 


Distance 
from 

Wetum- 
ka. 


HilM. 

141.5 

138.5 

137.0 

116.2 

105.8 

92.0 

88.3 

81.3 

56.2 

53.5 

46.7 

44.9 

43.0 

41.9 

40.2 

37.5 

36.1 

34.8 

33.8 

31.5 

25.5 

21.4 


1  521. 30 

2  515. 97 

3  510. 40 

4  492. 30 

5  482. 30 

6  455. 32 

7  445. 32 

8  435. 32 

9  420. 00 

10  412. 00 

11  I  399.64 

12  389. 64 

13  379. 64 

14  367. 64 

15  355. 64 

16  345. 64 

17  j  331.64 

18  '  316.64 

19  !  303.64 

20  291.64 

21  1  281.33 

22  270. 80 


Lift 

1897. 

1900. 

or  fall  at 
loclc. 

Dis- 
charge. 

Hec.-ft. 

Net  horse- 
power. 

Di»- 
charge. 

Net  horae- 
power. 

/W. 

Sec.-fl. 

5.33 

1,320 

640 

2,700 

1,308 

5.57 

320 

668 

2,700 

1,367 

12.00 

320 

1,440 

2,700 

2,945 

10.00 

,350 

,227 

2,760 

2,510 

12.00 

350 

472 

2,760 

3,012 

10.00 

,440 

310 

2,940 

2,673 

10.00 

,450 

,317 

2,960 

2.690^ 

12.00 

,490 

,625 

3,040 

3,317 

8.00 

,580 

,149 

3,220 

2,342 

12.00 

,585 

728 

3,230 

3,523 

10.00 

585 

,440 

3,230 

2,936 

10.00 

600 

1 

,454 

3,260 

2,964 

12.00 

,600 

,745 

3,260 

3,557 

12.00 

,600 

,745 

3,260 

3,557 

10.00 

,605 

,460 

3,270 

2,973 

14.00 

,605 

2 

,044 

3,270 

4,162 

15.00 

,605 

2 

,190 

3,270 

4,460 

13.00 

,610 

,903 

3,280 

3,877 

12.00 

,610 

,757 

3,280 

3,578 

10.00 

,610 

,464 

3,280 

2, 982 

10.00 

J 

,700 

,545 

3,460 

3,145 

12.00 

M 

,700 

,854 

3,460 

3,774 
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Dii»(^arg€  and  nei  horgepower  at  proposed  locks  on  Cooki  River  at  lowegt  water  of  18S7  and 

/d0a--Ck>ntiiiaed. 


I>istaiice 
from 

Wetiim- 
ka. 

Lock 
No. 

Rleyation 

of  top 

of  loci. 

Uft 

or  fall  at 

lock. 

18B7. 

Dis- 
char^. 

Net  horse- 
power. 

MUn. 

FeeL 

FeH. 

Sec.-ftxt. 

18.5 

23 

258.80 

14.00 

1,710 

2,175 

16.3 

24 

244.80 

10.00 

1,710 

1,554 

12.9 

25 

234.80 

10.00 

1,710 

1,554 

11.7 

26 

224.80 

12.00 

1,720 

1,877 

8.8 

27 

212.80 

14.00 

1,720 

2,190 

7.4 

28 

198.80 

12.00 

1,720 

1,877  1 

4.6 

29 

186.37 

8.00 

1,740 

1,266  ' 

2.0 

30 

178.  37 

10.00 

1,740 

1,582  ! 

0.0 

31 

168.37 

14.00 

1,740 

2,  215 

1900. 


Dis- 
charge. 


SfC.-Jirft. 
3,480 
3,480 
3,480 
3,500 
3,500 
3,500 
3,540 
3,540 
3,540 


iNct  hort«e- 
I    power.    , 


4,430 

!  3,164 

3,164 

3,818 

4,455  ' 

'  3,818 

!  2,574 

'  3,218 

4,505 


Total  net  horsepower,  1897,  49,467;  1900,  100.798. 

Locks  and  proposed  locks  on  Coosa  River  are  located  as  follows: 

Lock  No.  1  is  1  mile  south  of  Greensport  and  5  miles  north  of 
Singleton,  a  station  on  the  Elast  and  West  Kailroad  of  Alabama. 
Lock  No.  1  is  3  miles  above  lock  No.  2. 

Lock  No.  2  is  H  miles  above  lock  No.  3  at  the  head  of  Ten  Island 
Shoal  canal.  It  is  located  at  the  head  of  Woods  Island,  and  is  2  miles 
northeast  of  Singleton,  a  station  on  the  East  and  West  Railroad. 

Lock  No.  3  is  li  miles  below  lock  No.  2,  near  the  foot  of  Woods 
Island,  and  on  Ten  Island  Shoal  canal.  It  is  1  mile  east  of  Singleton 
and  20.8  miles  above  lock  No.  4. 

Lock  No.  4  is  3i  miles  above  the  United  States  Geological  Survey 
gage  at  Riverside  and  3  miles  northwest  of  Lincoln.  Lincoln  and 
Riverside  are  on  the  Georgia  Pacific  division  of  the  Southern  Railway. 
Lock  No.  4  has  a  lift  of  12  feet,  and  is  three-fourths  of  a  mile  below 
Densons  Island,  and  10  miles  above  proposed  lock  No.  5. 

Proposed  lock  No.  5  is  to  be  at  the  head  of  Ogletree  Island,  1  mile 
al)ove  the  mouth  of  Choccolocco  Creek,  and  5  miles  northeast  of 
Hamilton,  on  the  Talladega  and  Coosa  Valley  Railroad.  It  has  a  lift 
of  10  feet. 

Proposed  lock  No.  6  is  to  be  located  one-fourth  of  a  mile  above  the 
mouth  of  Upper  Clear  Creek,  li  miles  above  Grissom  Ferry,  and  9 
miles  northeast  of  Vincent,  a  station  on  the  Columbus  and  Western 
division  of  the  Central  of  Georgia  Railroad. 

Proposed  lock  No.  7  is  to  be  located  2  miles  above  Kelly  Creek,  and 
5|  miles  northeast  of  Vincent. 

Proposed  lock  No.  8  is  to  be  located  at  Myers  Ferry,  at  the  mouth 
of  Clear  Creek,  6  miles  east  of  Harpersville,  and   3   miles  north- 
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east  of  Creswell,  a  station  on  the  Columbus  and  Western  division  of 
the  Central  of  Georgia  Railroad. 

Proposed  lock  No.  9  is  to  be  located  at  the  mouth  of  Kelly  Branch, 
at  Fort  Williams  Shoals.  It  is  to  be  13^  miles  east  of  ColumbiaaM., 
and  8  miles  east  of  Shelby. 

Lock  No.  10  is  to  be  located  one-half  mile  above  Peckerwood  Creek, 
at  the  foot  of  Peckerwood  Shoals,  and  is  8  miles  east  of  Shelby,  and  "1 
miles  west  of  Talladega  Springs. 

Lock  No.  11  is  to  be  located  at  the  foot  of  Weduska  Shoals,  imme- 
diately above  the  narrows,  2  miles  above  Waxahatche^  Creek,  and  0 
miles  southeast  of  Shelby,  a  station  on  the  Shelby  Iron  Works  Railroad, 
which  connects  with  the  Southern  Railway  at  Columbiana. 

Lock  No.  12  is  to  be  located  1.8  miles  below  lock  No.  11,  immedi- 
ately below  the  mouth  of  Waxahatchee  Creek,  and  8  miles  southeast 
of  Shelbj'. 

Lock  No.  13  is  to  be  located  1.9  miles  below  lock  No.  12,  at  a  place 
known  as  Devils  Race,  3  miles  above  the  mouth  of  Yellowleaf  Creek, 
and  16  miles  northeast  of  Clanton,  on  the  Louisville  and  Nashville 
Railroad. 

Lock  No.  14  is  to  be  located  1  mile  below  lock  No.  13,  2  miles  above 
Yellowleaf  Creek,  and  14  miles  northeast  of  Clanton. 

Lock  No.  15  is  to  be  located  1.7  miles  below  lock  No.  14,  three-tenths 
of  a  mile  above  Yellowleaf  Creek,  and  12  miles  northeast  of  Clanton, 
on  the  Louisville  and  Nashville  Railroad. 

Lock  No.  16  is  to  be  located  2.7  miles  below  lock  No.  15,  at  Butting 
Ram  Shoals,  which  is  11  miles  northeast  of  Clanton. 

Lock  No.  17  is  to  be  located  1.4  miles  below  lock  No.  16,  and  is  \^\ 
miles  northeast  of  Clanton. 

Lock  No.  18  is  to  be  located  1.3  miles  below  lock  No.  17,  and  11 
miles  east  of  Clanton. 

Lock  No.  19  is  to  be  located  1  mile  below  lock  No.  18,  about  1 1 
miles  east  of  Clanton. 

Lock  No.  20  is  to  be  31.5  miles  above  Wetumka,  one-fourth  mile 
above  Zimmermans  Ferry,  1.2  miles  above  the  mouth  of  Hatchet 
Creek. 

Lock  No.  21  is  to  be  25.5  miles  above  Wetumka,  1.6  miles  below 
mouth  of  Blue  Creek,  7  miles  east  of  Cooper,  on  the  Louisville  and 
Nashville  Railroad. 

Lock  No.  22  is  to  be  21.4  miles  above  Wetumka,  three-fourths  of  a 
mile  below  the  mouth  of  Proctor  Creek,  and  1.1  miles  above  the 
month  of  Pinchoulee  Creek,  and  7  miles  east  of  Verbena,  on  the 
Louisville  and  Nashville  Railroad. 

Lock  No.  23  is  to  be  18.5  miles  from  Wetumka,  1.5  miles  below  the 
mouth  of  Pinchoulee  Creek. 
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Lock  No.  24  is  to  be  16  miles  above  Wetumka,  0.4  mile  below  the 
mouth  of  VVelcree  Creek,  and  7i  miles  east  of  Mountain  Creek  station, 
on  the  Louisville  and  Nashville  Railroad. 

Lock  No.  25  is  to  be  12.9  miles  above  Wetumka,  0.1  mile  above 
the  mouth  of  Shoal  Creek,  and  about  8  miles  east  of  Wadsworth,  on 
the  Louisville  and  Nashville  Railroad. 

Lock  No.  26  is  to  be  11.7  miles  above  Wetumka,  at  Staircase  Falls, 
just  above  the  mouth  of  Wewoka  Creek. 

Lock  No.  27  is  to  be  8.8  miles  above  Wetumka,  0.6  mile  above  the 
mouth  of  Sof kahatchee  Creek,  and  al>out  9  miles  east  of  Deatsville,  on 
the  Louisville  and  Nashville  Railroad. 

Look  No.  28  is  to  be  7.4  miles  above  Wetumka. 

Lock  No.  29  is  to  be  4.(5  miles  above  Wetumka. 

Lock  No.  30  is  to  be  2  miles  above  Wetumka. 

Lock  No.  31  is  to  be  at  Wetumka. 

EUtationg  of  water  surface  on  Coosa  River  f)€iw€en  Wetumka  and  Greensport, 

[Determined  in  1889  by  Charles  Firth,  assistant  en^neer  under  Capt.  Philip  M.  Price,  Corps  of 

Engineers,  r.  8.  Army.] 


DistUnce 

from 
Wetainka. 


Location. 


XOa. 

0.0 

0.4 

2.0 

4.0 

4.7 

6.0 

8.3 

8.8  I 

11.7 

12.9 

15.3 

15.8 

16.8 

20.3 

21.4 

22.0 

22.6 

24.0 

25.6 

27.2  ' 

28.7 

30.3 


Wetumka  Bridge 

Mouth  of  Valley  Brook 

Mouth  of  Com  Creek 

Mouth  of  creek,  top  of  Moccasin  Reef 

Foot  of  Grays  Island  Shoals 

Big  Eddy,  top  of  Grays  Island  Shoals 

Mouth  of  Sofkahatchee  Creek 

Top  of  Gunns  Island  Shoals 

Mouth  of  Weoka,  or  Wenone,  Creek,  at  Staircase  Falls 

Mouth  of  Shoal,  or  Mill,  Creek 

Greys  Ferry 

Mouth  of  Town  Creek 

Welona  Reef,  mouth  of  Welona  Creek 

Mouth  of  Pinchouiee  Creek 

Foot  of  Hells  Gap  Shoal 

Mouth  of  Proctor  Creek 

Mouth  of  Chestnut  Creek * 

Knights  Ferry 

Foot  of  Duncans  Riffle 

Mouth  of  Blue  Creek 

Mouth  of  Cargal  Creek,  Smiths  Ferry 

Mouth  of  Hatchet  Creek 


Elevation 

above  sea 

level. 


Ftd. 

154.37 

164.  37 

168.37 

177.00 

178.37 

186.37 

190.80 

196.80 

212.80 

225,00 

234.00 

234.80 

241.00 

254.00 

256.00 

265.00 

267.00 

270.80 

270. 80 

279.  30 

280.00 

281.00 
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Elevations  of  water  surface  on  Coosa  River  between  Wetumka  and  Chreensport — Continued. 


Distance 

from 
Wetnmka 


Location. 


MUea. 
31.3 
34.0 
37.0 
40.0 
41.3 
45.0 
46.0 
47.5 
48.6 
52.0 
53.0 
64.3 
55.0 
56.2 
56.9 
59.0 
60.2 
60.8 
63.9 
65.7 
66.6 
68.0 
74.1 
75.2 

75.7 
76.  Z 
81.1 
84.7 
86.2 
90.4 
91.8 
95. 9 
101.2 

102.0 
105.  0 
106.8 
108.0 
115.3 


Zimmermans  Ferry 

Foot  of  Tuckaleague  Shoal 

Head  of  Tuckaleague  Shoal 

Mouth  of  Yellowleaf  Creek,  at  Adam  Ferry 

Lower  mouth  of  Paint  Creek 

Mouth  of  Waxahatchee  Creek 

Mouth  of  Kooga  Creek 

Spring  Branch,  head  of  Weduska  Shoal 

Mouth  of  Slaughter  Creek' 

Merrills  Ferry 

Mouth  of  Peckerwood  Creek,  at  foot  of  Peckerwood  Shoal 

Mouth  of  Sulphur  Branch  from  Talladega  Springs 

Mouth  of  Cedar  Oeek,  near  Fort  William  Ferry 

Mouth  of  Kelly  Branch,  foot  of  Fort  William  Shoals 

Mouth  of  Flat  Branch 

Mouth  of  Sally  Branch 

Mouth  of  Beeswax  Creek 

McRaes  Ferry 

Mouth  of  Hay's  spring  branch 

McGowans  Ferry 

Mouth  of  Upper  Yellowleaf  Creek 

Southern  Railway  bridge,  at  mouth  of  Kahatchee  Creek 

Chancellors  Ferry 

Columbus  and   Western  Railway  bridge   (Central  of  Georgia 
Railway) 

Mouth  of  Tallaseehatchee  Creek 

Mouth  of  Talla<iega  Creek 

Mouth  of  Clear  Creek,  at  Meyers  Ferry 

Mouth  of  Spring  Creek,  at  Glovers  Ferry 

Mouth  of  Kelly  Creek 

Cirissom  Ferry 

Mouth  of  Upper  Clear  Creek,  at"  Howell's  mill  shoals 

Griffiths  Ferry,  head  of  Drake's  mill  shoals 

Collin  Ferry  and  bridge  of  the  Birmingham  and  Atlantic  Rail- 
road  


Foot  of  Choccoloc(!0  Shoals  . 
Mouth  of  Choccolocco  Creek 
Head  of  Cho<-col(>cco  Shoals 

Truss  Ferrv 

Mouth  of  Blue  Eye  Creek, . . 


Eleration 

above  fsca 

level. 


Feel. 

281.  :i3 
292.00 
331.64 
343.  ^>4 
360.  <X> 
380.  (X) 
388.00 
399.64 
399.64 
399. 64 
399.64 
402.80 
403.  CO 
407.  ^0 
413.00 
413.(0 
413.(0 
413.  CO 
415.  CO 
421.  CO 

421.  CO 
421.00 
421.00 

422.  (;0 
422.00 
422.00 
423.00 
429.00 
431.00 
439.  00 
444.  00 
456.00 

461.00 
461.00 
469.00 
475. 00 
475.00 
476.00 
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J^erations  of  water  surface  on  Ooobci  River  behceen  Wetumka  and  ( ireenn^ttyrt — (^mtiniicHl. 


from 
Wetumka. 


JTOo. 

112.6 

114.8 

116.2 

116,2 

116.2 

117.7 

125.5 

127.8 

129.0 

130.0 

131. 4 

136.0 

136.4 

136.4 

137.0 

137.0 

137.0 

137.0 

138.4 

138.4 

138.4 

138.4 

141.7 

141.7 

141.7 

141.7 


Location. 


Bridge  of  Southern  Railway,  Riverai^ie 

Mouth  of  Blue  Spring  Branch 

Foot  of  Lock  4 

Zero  of  gage  below  Lock  4 1.  477. 30 

Zero  of  gage  above  Lock  4 489.  JiO 

Mouth  of  Broken  Arrow  Creek 

Wood  Ferry 

Month  of  Alligator  Creek 

Mouth  of  Trout  Creek 

Mouth  of  Bruner  Creek,  at  MayH  Ferrj' 

Mouth  of  Cane  Creek 

Mouth  of  Ohatchee  Creek,  at  Harte  Ferry 

Below  Eas«t  and  West  Railroad  bridge 

Above  East  and  West  Railroad  bridge 

Below  Lock  3 

Zero  of  gage  below  Ix)ck  3  ( U.  S.  A.  Engineers) 494. 40 

Zero  of  gage  above  Lock  3  (V.  S.  A.  Engineern) .  -. 505. 25 

Present  (1903)  water  level  above  \ak\  3 510. 40 

Present  (1903)  water  level  below  I^ock  2 510. 40 

Present  (1903)  water  level  above  Lock  2 515. 97 

Zero  of  gage  below  Lock  2 • 5(V).  20 

Zero  of  gage  above  Lock  2 510. 57 

Present  -(1903)  water  level  below  Ix>ck  1 515. 97 

Present  (1903)  water  l.evel  above  Lock  1 621. 30 

2tero  of  gage  below  Lock  1 512.  72 

Zero  of  gage  above  Lock  1 517. 89 


Elevation 

abovo  wa 

level. 


Frtt. 
476. 00 
477.00 
477. :«) 


48:{.  (K) 

492.  :io 
493.00 

493.  (M> 
494.00 
495.00 
496.00 
4fm.  00 
498.00 
4im.40 


TALLADEGA  CREEK  AT  NOTTINGHAM. 

This  station  is  located  on  the  Southern  Railroad  bridge,  a  fourth  of 
a  mile  from  the  station  at  Nottingham  and  1  mile  north  of  Alpine. 
The  gage,  which  is  graduated  to  feet  and  tenths  and  is  20  feet  long,  is 
fastened  vertically  to  a  tree  on  right  hank  about  50  feet  above  the 
bridge.  The  initial  point  of  sounding  is  the  end  of  the  iron  bridge, 
right  bank,  upstream.  The  bench  mark  is  the  top  rail  on  the  upstream 
side  of  the  bridge,  and  is  24.13  feet  above  gage  datum.  The  station  is 
a  good  one,  and  is  free  from  piers.  The  observer  is  R.  M.  McClati'hy, 
station  agent  at  Nottingham.  The  following  measurements  were  made 
by  James  R.  Hall,  M.  R.  Hall,  and  others: 

iRR  107—04 7 
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Discharge  meagurements  of  Talladega  Creek  at  NoUingkam. 


Date. 


1900. 

AuKUSt  16 

November  29 

1901. 
April  5 

October  22 . . 

1902. 
January  16.. 
Julvl7 


Gufe 
height. 


Feet. 
1.10 
1.70 

3.00 
1.00 


1.30 
.90 


Dlschaiige. 


Second-feet. 
102 
240 

526 
90 

155 
97 


Date. 


1902. 
October  18 . . 
November  13 

1903. 

May  25 

July  27 

August  20... 
October  2  . . . 
November  14 


Gage 
leignt. 


heig 


Feet. 
0.80 
.70 

2.05 
1.37 
1.30 
1.00 
1.21 


Discharge. 


Seeond-feei. 
78 
63 

243 

111 

116 

57 

80 


Daily  gage  keighty  infeety  of  TalloAiega  Creek  at  Nottingham. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1.2 
2.0 
1.3 

1,1 
1.0 

1.0 

1.0 

.  .9 

1900. 
1 



2 

1 

1 

3 

t 

4 

'     ' 

6 

6 

1 

1 

7 

.......'....... 



•  .  .  .  •  .  . 

8 

, 

' 

1 



9 

1 

11.0 

10 

. 

8.0  1 

11 

10.3 

12 

1 

8.0 

13 

* 

1 

8.3 
9.3 
9.3 

14 

•  •%.... 

15 

16 

1.1 
1.2 
1.2 
1.1 

3.9 

17 

1 

2.3 
1.7 
1.6 
1.5 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 

18 1 

19 ' 

20 t 

1 

1.1 
1.1 

21 1 

1 

1 

22 

1 

1.1 
1.1 
1.0 
.9 
1.0 
1.1 
1.2 
1.0 
1.0 

23 

24 

25 ' 

I 

1 

ai 

1 

1 
..' -  1- 

....... 

27 

28 

29 

1 

' 

30 1 

31 1 

1.6 

_  _ 

_. 

_ ^ 

Oct. 

Nov.  ! 

1 

1.0 

1.3 

1.0 

1.3 

1.0 

2.3 

1.0 

2.1 

1.2 

1.7 

1.3 

1.6 

1.3 

1.4 

1.4 

1.4 

1.3 

1.3 

1.3 

1.3 

1.8 

1.3 

1.5 

1.3 

1.4 

1.2 

1.8 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 
1.1 
1.1 

1.0 
1.2 
1.4 
1.6 
2.9 
3.5 
3.0 
2.6 
1.4 
1.3 
1.3 
1.8 


1.2 
1.2 
1.2 
1.5 
2.2 
1.9 
1.8 
1.6 


3. 
3. 
3. 


2.0 


i.n 

1.4 
1.4 
l.h 
1.7 
1.6 
1.5 
l.ft 
1.4 
1.3 
1.8 
1.3 
1.6 
1.8 
1.7 
1.6 
1.5 
1.5 
1.4 
2.7 
3.0 
2.6 
4.0 
•2.5 
2.1 
2.0 
1.8 
1.7 
1.6 
1.9 
5.1 
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Daily  gage  heighi,  in  feet,  of  Talladega  Creek  at  Nottingham — (Vmtinued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

Dec 

1901. 

I 

8.2 

^3 

2.0 

3.4 

2.2 

2.0 

1.5 

1.1 

1.2 

1.1 

1.0 

1.0 

2 

2.8 

2,1 

2.0 

5.9 

2,2 

•2,0 

•1.4 

1.0 

1.2 

•2.8 

1.0 

1.4 

3 

8.2 

8.8 

2.0 

4.5 

2.1 

•2,0 

1.3 

1.0 

1.2 

2.5 

1.0 

1.3 

4 

2.7 

8.0 

2.0 

3.4 

2.0 

1.8 

1.3 

1.0 

1.1 

1.5 

1.0 

1.2 

5 

2.4 

3.9 

1.8 

3.0 

2.0 

1.7  ' 

1.3 

1.0 

1.1 

1.3 

1.0 

1.2 

6 

2.2 

8.2 

1.8 

2.9 

1.9 

1.7 

1.4 

1.0 

1.1 

1.2 

1.0 

1.3 

1    ••......•.....i 

2.1 

2.8 

1.8 

2.6 

1.9 

3.0 

1.4 

1.0  ' 

1.1 

1.1 

1.0 

1.1 

8 ! 

2.1 

2.8 

1.8 

2.5 

1.9 

1.9 

1.8 

1.0  ' 

1.1 

1.1 

1.0 

1.0 

9 

2.0 

3.3 

1.8 

2.3 

1.9 

1.7 

1.3 

1.0  , 

1.0 

1.1 

1.0 

1.0 

10   

1.9 

2.8 

2.0 

2.2 

1.9 

1.6 

1.2 

1.0' 

1.0 

1.0 

1.0 

1.1 

11 

5.8 

2.6 

1.9 

2.1 

1.9 

1.5 

1.2 

1.0 

1.0 

1.0 

1.0 

1.1 

12 

8.8 

2.7 

1.8 

2,1 

1.9 

1.5 

1.2 

1.1 

1.0 

1.0 

1.0 

1.0 

i:t 

4.7 

2.5 

1.8 

2,7 

2,0 

1.6 

1.2 

1.0 

1.0 

1.1 

1.0 

1.0 

14 

3.4 

2.3 

1.8 

3.7 

1.9 

1.8 

1.2 

1.0  ' 

1.0 

1.0 

1.0 

-2.4 

15 

2.9 

2.2 

1.8 

2,7 

1.9 

1.7 

1.2 

1.0  , 

1.0 

1.0 

1.0 

3.6 

16 

2.6 

2.2 

1.7 

2.5 

1.9 

1.6 

1.2 

2.3  ' 

1.0 

1.0 

1.0 

1.7 

17 

2.7 

2.2 

1.7 

2.3 

1.8 

1.5 

1.2 

2.2  J 

3.4 

1.0 

1.0 

1.5 

\H 

2.4 

2.1 

1.7 

2,4 

1.7 

1.4 

2.0 

1.9  ' 

•2.8 

1.0 

1.0 

1.8 

19 

2.2 

2.1 

1.7 

11.2 

1.9 

1.4 

1.6 

1.7  ' 

1.6 

1.0 

1.0 

1.2 

a) 

2.2 

2.0 

1.8 

6.3 

2.5 

1.4 

1.3 

1.6 

1.5 

1.0 

1.0 

1.1 

21 

2.1 

2.0 

2.1 

4.1 

3.9 

1.4 

1.3 

1.4  ! 

1.4 

1.0 

1.0 

1.1 

22 

2.2 

2.0 

2.0 

3.4 

2.5 

1.3 

1.2 

1.3 

1.3 

1.0 

1.1 

1.1 

23 

2.2 

2.0 

1.8 

3.1 

2.0 

1.3 

1.2 

1.2 

1.8 

1.0 

1.2 

1.1 

34 

2.2 

2.1 

2.6 

2.8 

1.8 

1.3 

1.2 

1.2 

1.2 

1.0 

1.3 

1.1 

a 

2.2 

2.1 

2.8 

2.7 

1.7 

1.3 

1.2 

1.5  ' 

1.2 

1.0 

1.2 

1.3 

26 

2.3 

2.1 

8.9 

2.6 

1.7 

1.3 

1.2 

1.3 

1.1 

1.0 

1.1 

1.2 

2.2 
2.2 

2.0 
2.0 

4.6 
3.3 

2.5 
2,4 

1.7 
1.7 

1.3 
1.3 

1.2 
1.2 

1.4 
1.5  : 

1.1 
1.1 

1.0 
1.0 

1.1 
1.0 

1.1 

2Ji 

1.2 

» 

2.2 

2.8 

2.3 

1.7 

1.3 

1.2 

1.4 

1.1 

1.0 

1.0 

8.4 

20 

2.6 

2.9 

2.2 

1.7 

1.4 

1.2 

1.3 

1.1 

1.0 

1.0 

7,6 

31 

2.5 

— 

5.5 

- 



2.2 

1.2 

1.2 

1 

= 

1.0 

- 

3.6 

1902. 

1 

2.40 
2.20 
2.00 

5.60 
8.90 
4.40 

5.00 
3.70 
3.10 

3.50 
3.10 
2.90 

1.80 
1.70 
1.60 

2.60 
1.50 
1.30 

.90 
.90 
.90 

.90  ' 

.80 

.80 

1.00 
.90 
.70 

1.40 

1.10 

.90 

1      .70 
.      .70 
.      -70 

.80 

•> 

2.40 

i::::::::::::;: 

2.70 

4 

1.80 

3.30 

2.90 

2.90 

1.50 

1.30 

.90 

.80  1 

.70 

.80 

.70 

1.60 

1.70 

2.70 

4.60 

2.70 

1.50 

1.20 

1.00 

.80 

.70 

.70 

.70 

1.40 

6 

,    l.fiO 

2.50 

3.30 

2.50 

1.60 

1.10 

1.00 

.80 

.70 

.70 

1.90 

1.20 

•* 

1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.40 
1.90 
2.10 
1.70 
1.60 
1.50 
1.80 
1.60 
1.80 
3.30 
4.10 
2.80 
3.50 
1 

2.30 
2.10 
2.10 
2.00 
1.90 
1.90 
1.90 
1.90 
2.30 
2.10 
1.90 
1.80 
1.80 
1.90 
1.80 
2.00 
1.90 
1.80 
1.90 
1.80 
3.60 
12.20^ 

2.90 
2.60 
2.50 
2.40 
2.30 
2.20 
2.20 
2.10 
2.60 
7.60 
3.80 
2-70 
2.60 
2.40 
2.40 
2,30 
2.20 
3.20 
3.20 
2.50 
2.50 
'  12.50 
10.70 
5.-20 
3.90 

8.60 
8.20 
3.00 
2.70 
2.50 
2.30 
2.30 
2.80 
2.20 
2.10 
2.50 
2.30 
2.20 
2.10 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.60 
1.90 
1.70 
1.60 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 
1.60 
1.60 
1.50 
1.40 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

l.OO 

1.00 

1.00 

1.00 

1.10 

1.10 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 
.90 
1.00 
1.50 
2.00 
1.50 
1.20 
1.00 
1.00 
1.00 
.90 
.90 
.90 
.90 
1.50 
1.10 
1.00 
l.UO 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

.80, 

.80 

.80 

1.00 

1.20 

1.50 

1.10  1 

1.00  1 

.90 

.80  1 

.80  i 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

1.50 

5.10 

3.10 

1.00 

.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
•   .70 
.70 
.70 
.70 
.70 
.70 
.60 
.60 
.60 
.60 
.70 
.70 
.60 
1.10 
1.10 
1.70 

.70 
.70 
.70 
.70 
4.10 
1.90 
1.80 
1.00 
.80 
.80 
.80 
.70 
.80 
.«0 
.80 
.80 
.HO 
.80 
.80 
.80 
.80 
.80 
.70 
.70 
.70 

1.10 

.90 

.80 

i      .80 

.70 

."0 

.70 

.70 

1      .70 

.70 

.70 

1     1.20 

,     1.00 

'      .90 

1       .80 

.80 

.80 

.80 

i     1.90 

1     1.40 

1     1.10 

,       .90 

.80 

1       .70 

1.30 

S 

1.20 

9 

1.10 

10 :. 

1.00 

11 

.90 

12 

.80 

13 

.80 

14 

.80 

15 

.80 

16 

6.30 

17 

2.60 

IS 

1    1.80 

19 

1.40 

20 

1.20 

11 

1    2.30 

22 

2.60 

23 

2. '20 

24 

'     1.50 

25 

1.30 

26 

1.10 

27 

1.10 

2S 

;    1.10 

29 

1.30 

30 

1    2.40 

31 . 

1.80 
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Daily  gage  heighif  in  feet j  of  TaUadega  Creek  at  Nottingham — Continued. 


Day. 

Jan. 

Feb. 

1.3 
1.3 
1.3 
2.3 
2.1 
1.7 
6.8 

13.0 
5.6 
3.6 

"9.2 
6.5 
18 
3.2 
2.8 

67.6 

10.0 
4.4 
3.5 
3.1 
2.8 
2.6 
2.3 
2.2 
2.2 
2.2 
2.3 

16.0 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1.0 
1.0 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

1.0 

1.5 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Oct 

1903. 
1 

1.7 
2.1 
2.2 

.21 
•l.9 

1.8 

1.6 

1.5 

1.3 

1.2 

1.5 

2.7 

1.8 

1.6 

1.5 

1.4 

1.4 

1.5 

1.3 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.6 

1.5 

1.4 

1.3 

6.4 
4.2 
4.0 
3.8 
3.5 
4.2 
3.4 
3.2 
3.2 
3.5 
3.6 
3.5 
3.3 
3.6 
3.3 
3.4 
3.2 
2.9 
2.8 
2.7 
3.0 
3.5 
5.5 
4.0 
3.5 
3.1 
2.9 
2.7 
2.9 
8.7 
4.8 

3.8 
3.4 
3.2 
3.0 
2.8 
2.6 
2.5 
2.4 
2.2 
2.0 
2.2 
3.0 
3.2 
3.0 
2.8 
2.6 
2.5 
2.5 
2.4 
4.7 
3.0 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
2.0 
2.0 
2.0 

2.0 
1.9 
1.8 
1.8 
1.8 
1.8 
2.8 
2.8 
2.0 
1.9 
1.8 
1.8 
2.8 
4.1 
10.8 
5.2 
3.5 
2.9 
2.7 
2.6 
2.4 
2.2 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
2.8 
2.3 

2.5 
2.3 
2.0 
1.9 
1.8 
2.2 
2.0 
1.8 
1.8 
1.7 
3.6 
2.2 
2.0 
1.8 
1.8 
1.8 
1.8 
1.7 
1.6 
1.5 
1.5 
2.6 
1.8 
1.6 
1.5 
1.7 
2.5 
6.0 
2.5 
2.0 
....... 

1.9 
1.8 
1.7 
2.0 
2.5 
2.0 
1.8 
1.7 
2.0 
1.8 
1.8 
1.8 
1.7 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.8 
1.4 
1.4 
1.4 
1.4 
1.4 
1.2 
1.8 
1.5 
1.4 
1.4 
1.6 

1.7 
1.8 
1.6 
1.6 
1.4 
1.5 
1.5 
1.4 
1.4 
1.3 
1.3 
l.S 
1.3 
1.3 
1.8 
1.5 
1.8 
1.3 
1.4 
1.4 
1.3 
1.2 
1.2 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

2 

3 

1.0 
1.0 

4 

1.0 

5 

1.0 

6 

7 

1.0 
1.0 

8 

1.6 

9 

1.5 

10 

11 

1.3 
1.1 

12 

1.0 

13 

1.0 

14 

1.0 

15 

1.1 

16 

1.1 

17 

1? 

18 

1.2 

19 

1.2 

20 

1.2 

21 

1.2 

22 

23 

1.2 
1.2 

24 

1.2 

25 

26 

1.1 
1.1 

27 .' 

1.1 

28 

1.0 

29 

1.0 

30 

1.1 

31 

1.1 

Nov. 


Dec. 


a  Maximum,  10.2. 


6  Maximum,  9.8. 


Bating  table  for  Talladega  Creek  at  Nottingham  for  1900  and  1901. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Dischaige. 

Gage 
height. 

Diitcharge. 

FeeL 

Hecond-Jcel. 

Feet. 

Feet. 

1 

Second-feet.  ' 

f^i. 

Second-fett. 

1.0 

90 

2.1 

328 

3.2 

570 

4.3 

812 

1.1 

109 

2.2 

350 

3.3 

592     , 

4.4 

834 

1.2 

130 

2.3 

372 

3.4 

614 

4.5 

856 

1.8 

152 

2.4 

394     1 

3.5 

636 

4.6 

878 

1.4 

174 

2.5 

416 

1 

3.6 

658 

4.7 

900 

1.5 

196 

2.6 

438 

3.7 

680  " 

4.8 

922 

1.6 

218 

2.7 

460     . 

3.8 

702 

4.9 

944 

1.7 

240 

2.8 

482 

3.9 

724 

5.0 

966 

1.8 

262 

1       2.9 

504     ' 

4.0 

746 

1.9 

284 

3.0 

526 

4.1 

768 

2.0 

306 

i      3.1 

1 

548 

4.2 

790 
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Bating  table  fw  TaUadega  Creek  fU  Nottingham  for  J90g. 


Gage 

height. 

Diflchaige.  • 

Gage 
height. 

Dlflcbaige. 
SeeondrfeeL 

Gage 
height. 

Diachaxge. 
Second'/eet. 

height. 

DIacharge. 

R€L       ' 

Sectmd-feet. 

FM, 

Feet, 

,      Fret. 

Serond-/fH. 

0.6 

51 

2.8 

482     , 

5.0 

966     ! 

7.2 

1,450 

.8 

78 

3.0 

526 

5.2 

1,010     , 

1      7.4 

1,494 

1.0 

109    , 

3.2 

570 

5.4 

1,054    ; 

1      7.6 

i,5:« 

1.2 

1 

143 

3.4 

614 

5.6 

1,098 

7.8 

1,582 

1.4 

179 

3.6 

658 

5.8 

1,142    1 

1      8.0 

1,626 

1.6 

219 

3.8 

702 

6.0 

1,186 

8.5 

1,736 

1.8 

262 

1 

4.0 

746 

6.2 

1,230 

9.0 

1,846 

2.0 

306 

4.2 

790    j 

6.4 

1,274 

•      9.5 

1,956 

2.2 

350 

4.4 

834 

6.6 

1,318 

10.0 

2,066 

2.4 

394 

4.6 

878 

6.8 

1,362     ' 

'     10.5 

2,176 

2.6 

438 
Rating 

4.8 

922 

1 

7.0 

1,406 

11.0 
T190S. 

2,286 

f  table  for 

Talladega  C 

Veeib  at  Ni 

ottinghatnfo 

bei^t. 

DinehHige. 

Gage 
height. 

Discharge. 

Gage 
height. 

1 
Discharge. 

Second-feet. 

'     Gage 
height. 

'      Ftfi. 

Discharge. 

FfH. 

Second-feet. 

i      Feel. 

Seeondrfeet. 

Ffet. 

Second'/eet. 

0.90 

46 

2.70 

400 

4.50 

832 

1     6.30 

1,2W 

1.00 

57 

2.80 

424 

4.60 

856 

6.40 

1,288 

1.10 

69 

2.90 

448 

4.70 

880 

6.50 

1,312 

1.20 

83 

3.00 

472 

4.80 

904 

!    6.60 

1,336 

1.30 

99 

3.10 

496 

4.90 

928 

6.70 

1,360 

1.40 

116 

3.20 

520    ' 

5.00 

952 

6.80 

1,384 

1    1.50 

133 

3.30 

544 

5.10 

976  ; 

!    6.90 

1,408 

1.60 

151 

3.40 

568 

5.20 

1,000 

7.00 

1,432 

1.70 

170 

3.50 

592 

5.30 

1,024 

7.50 

1,552 

1.80 

1 

190 

3.60 

616 

5.40 

1,048 

8.00 

1,672 

1.90 

211 

3.70 

640 

1     5.50 

1,072 

8.70 
1     8.80 

1,840 

2.00 

233 

3.80 

664    1 

5.60 

1,096 

1,864 

2.10 

256 

.    3.90 

688 

5.70 

1,120 

'    9.00 

1,912 

2.20 

280 

4.00 

712 

5.80 

1,144 

1     9.20 

1,960 

2.30 

304 

4.10 

736    ^ 

5.90 

1,168 

'  10.00 

2, 152 

2.40 

328 

4.20 

760    , 

6.00 

1,192 

13.00 

2,872 

2.50 

352 

4.30 

784    1 

6.10 

1,216 

1  16.00 

1 

3,592 

2.60 

376 

4.40 

808    , 

6.20 

1,240 

1 
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Estimated  monthly  discharge  of  Talladega  Greek  at  Nottingham. 


Month. 


1900. 


August  16-31 
September... 

October 

November . . . 
December  ... 


1901, 


January . . 
February . 

March 

April 

May 

June 

July 

August 

Septemljer 
October  ... 
November , 
December  . 


The  year  . . . 

1902. 

January 

Februarv 

March 

April 

May 


June 

July 

August 

8epteml)er. 
October  ... 
November . 
December  . 


Discharge  in  second-feet. 


Run-off. 


Maximum.     Minimum. 


2,286 
636 
724 
746 


1,802 

1,626 

1,824 

2,330 

724 

526 

196 

372 

614 

482 

152 

1,714 


2, 330 


The  vear 


306 

988 

240 

768 

284 

1,  252 

2,616 

74 

90 

130 

152 


284 

306 

240 

328 

240 

152 

130 

90 

90 

90 

90 

90 

90 


161 

262 

328 

262 

126 

93 

93 

64 

51 

64 

64 

78 

51 


Mean. 


Second-feet  n^^**,  .„ 
per  square  ;  ^^\^  *" 
mile.  inches. 


113 
575 
190 
249 
291 

485 
449 
405 
591 
306 
218 
149 
148 
148 
123 
97 
264 


282 

276 
513 
676 
390 
187 
128 
121 
135 

74 
111 

97 
238 


246 


0.72 
3.69 
1.22 
1.60 

1.87 

3.11 
2.88 
2.60 
3.79 
1.96 
1.40 

.96 

I 
.95  I 

.95 

.79 

.62 

1.69 

1.81 


1.77  , 
3.29  ' 
4.33  i 
2.50 
1.20  ■ 
.82 
.78 
.87  . 
.47 
.71  ' 
.62 
1.53  ' 

1.57 


0.43 
4.12 
1.41 
1.79 
2.16 

3.59 
3.00 
3.00 
4.23 
2.26 
1.56 
1.11 
1.10 
1.06 
.91 
.69 
1.95 

24.46 

2.04 
3.43 
4.99 
2.79 
1.38 
.91 
.90 
1.00 


.  52 


.82 

.69 

1.76 


21.23 
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EtHmated  monthly  distcharge  of  Talladega  Creek  at  XoUingham — (V>ntinue<l. 


Month. 


1903. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . . . 


Discharge  in  second-feet. 


Maximum,  i  Minimum. 


Mean. 


Run-off. 


Second-feel  iv-_tK  tn 


400 

83 

144 

.92 

1.06 

3,592 

99 

832 

5.33 

5.55 

1,840 

400 

637 

4.08 

4.70 

880 

233 

388 

2.49 

2.78 

2,344 

190 

387 

2.48 

2.86 

1,192 

133 

265 

1.70 

1.90 

352 

83 

161 

1.03 

1.19 

190 

57 

105 

.67 

.77 

133 

46 

59 

.38 

.42 

151 

57 

74 

.47 

.54 

133 

57 

75 

.48 

.54 

83 

69 

68 
266 

.44 

.61 

3,592 

46 

1.71 

22.82 

Net  horsepower  per  foot  of  fall  with  a  turbine  efficiency  of  80  per  cent  for  the  minimum 

monthly  discharge  of  Talladega  Creek  at  Nottingham. 


Month. 


January  .. 
February  . 

March 

April 

Mav 

June 

July 

August 

September 
October . . . 
November 
December. 


Minimum 
dis- 
charge. 


See,-/eet. 

284 

306 

240 

328 

240 

152 

130 

90 

90 

90 

90 

90 


Mini- 
mum 
net 
borse- 
power 
per  foot 
of  fall. 


26.0 

28.0 

22.0 

30.0 

22.0 

14.0 

12.0 

8.0 

8.0 

8.0 

8.0 

8.0 


Dura- 
tion of 
mini- 
mum. 


Days. 

I 

6 

4 

2 

7 

8 

18 

13 

8 

21 

24 

5 


1902. 


Mini- 

Minimum 
dis- 
charge. 

mum 
net 
horse- 
power 
per  foot 
of  fall. 

Sec-feel. 

161 

15.0 

262 

24.0 

328 

30.0 

262 

24.0 

126 

11.0 

93 

8.0 

93 

8.0 

64 

6.0 

51 

4.6 

64 

6.0 

64 

6.0 

78 

7.0 

Dura- 
tion of 
mini- 
mum. 


DayB. 
6 
5 
1 
6 
4 
7 
9 
6 
5 
10 
13 
4 


1903. 


Minimum 

diB- 

charge. 


Sec-feet. 

-      83 

99 

400 

233 

190 

13:^ 

83 

57 

46 

57 

57 

69 


Mini- 
mum 
net 
horse- 
power I 
per  foot 
of  fall. 


7.5 

9.0 

36.0 

21.0 

17.0 

12.0 

7.5 

5.0 

4.0 

5.0 

5.0 

6.0 


Dura- 
tion of 
mini- 
mum. 


Days. 
8 
3 
2 
4 
6 
3 
1 
7 

13 

12 

7 

31 
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CHOCCOLOCCO  CREEK  AT  JENIFER. 

Choccolocco  Creek  rises  in  Calhoun  and  Cleburne  counties  in  a  moun- 
tainous crystalline  region  and  flows  in  a^  southwesterly  course  past 
Anniston,  Oxford,  and  Jenifer,  and  enters  Coosa  River  near  Eureka. 
The  Choccolocco  is  a  very  rapid  stream  and  drains  a  mountainous, 
well-wooded  countrv. 

The  gaging  station  is  located  at  the  Louisville  and  Nashville  Railroad 
bridge,  li  miles  north  of  Jenifer.  Discharge  measurements  were  made 
at  this  point  April,  1901,  October,  1902,  and  July,  1903,  but  the  gage 
was  not  put  in  until  August  20,  1903. 

The  bridge  is  a  single-span  iron  through  bridge,  150  feet  long,  hav- 
ing a  trestle  approach  of  428  feet  at  the  right  bank.  Measurements 
are  made  from  the  upstream  side.  The  initial  point  is  the  end  of  the 
bridge,  left  bank.  Distances  are  marked  with  white  paint  on  the 
upstream  guard  rail.  The  channel  is  straight  for  a  quarter  of  a  mile 
above  and  a  quarter  of  a  mile  below,  and  the  current  is  swift,  as  there 
are  shoals  both  above  and  below  the  bridge.  The  bed  of  the  stream 
is  rocky  and  unchangeable  and  presents  a  fair  section  for  accurate 
measurements.  The  gage  is  a  1  by  4  inch  rod  painted  white  and  graded 
to  feet  and  tenths.  It  is  nailed  to  a  3  by  8  inch  pine  timber,  which  is 
spiked  to  a  birch  tree  on  the  left  bank,  20  feet  above  the  bridge. 

Bench  mark  No.  1:  Top  of  cross  beam  at  50  feet  from  initial  point, 
23  feet  above  zero  of  gage.  Bench  mark  No.  2:  Copper  plug  in 
upstream  wing  of  abutment,  14.19  feet  above  zero  of  gage. 

The  observer  is  Mr.  W.  J.  Tolbert,  a  farmer,  living  one- fourth  of  a 
mile  from  the  gage. 

The  drainage  area  above  this  station  is  280  square  miles. 

The  following  discharge  measurements  were  made  by  M.  R.  Hall 
and  others: 

J>ischarge  measurements  of  Choccolocco  Creek  at  Jenifer, 


Date. 

1901. 
Aprils 

1902. 
October  18... 


Gage 
height. 


Feet. 
4.(X) 

1.90 


1903. 
July  23 '      2.25 


Discharge. 


Second-fed. 
1,170 

220 

186 


Date. 


hei^^.      Discharge. 


1903.  f)Kt.        Second-feet. 

Augu8t20 2.26  1              183 

AugU8t25 2.12'              146 

October2 1  1.82  |               iiO 

November  14 '  2. 08  !              i:«) 
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Daily  gage  heighi  of  Choocolocco  Creek  at  Jenifer, 


D»y- 

Aug. 

Sept. 

Oct. 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
2.6 
2.1 
2.0 
2.0 
1.9 
1.9 
1.8 
l.H 
1.8 

Nov. 

1.8 
1.8 
1.8 
1.8 
1.9 
2,1 
2.0 
1.9 
1.9 
1.9 
1.8 
2.0 
2.0 
2.0 
2.0 
1.9 

Dec 

Day. 

Aug. 

.    -   ■— • 

2.2 
2.1 
2. 1 
2.1 
2,1 
2.1 
!       2.1 
2.0 
2.1 
2.0 
2.0 

Sept. 

2.1 
2.1 
2,0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
l.h 
1.8 

Oct. 

1.8 

1.9 

1.9 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

l.K 

l.H  , 

1.8  , 

l.H 

1.8 

1.8 ; 

Nov. 

1.9 

1.9 

i.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9  ' 

1.9 

Dec. 

1908. 

1 

2.0 
2.0 

1 

1.9 
1.8 
1.8 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1 

1903. 

17 

18 

19 

20 

21 

22: 

28 

24 

25 

26 

27 

28 

29 

30 

31 

1.9 

9 

1.9 

8 

........ 

2.0 
2.0 
2.0 

1.9 

4 

1.9 

5 

1.9 

6 : 

.,      1 
1 

2.0 
2.0 
2.0 

1.9 
2.1 

S 

2.0 

9 : 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 

10 

2.0 

11 

2-0 

12 

1.9 

13 

1.9 

H 

15 

16 1 

1 

1.9 
1.9 
2.0 

1.9 
1.9 

Rating  tMe  for  Choceolocco  Creek  at  Jenifer  for  190S. 


!  b^L 

Dischaige. 

1 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

1  Discharge.  ' 
;  Second/cet. 

hei^^. 
Feet. 

Discharge. 

1     Ret, 

Second-Jed. 

Feet. 

Sertmd-/eet. 

1.80 

88 

2.10 

138 

2.40 

'           249 

2.70 

400     ' 

1 

1.85 

94 

2.15 

150 

2.45 

1           273 

3.00 

580    , 

1.90 

101 

2.20 

164 

2.50 

297     , 

3.50 

880 

i.a5 

109 

2.25 

181 

2.55 

j          321     , 

4.00 

1,180 

i    2.00 

117     ' 

2.30 

202 

2.60 

345    1 

2.05 

127 

2.35 

225 

2.65 

,          372 

1 

1 

Estimated  monthly  digcharge  of  Choccolocco  Creek  at  Jenifer  for  ItiOS. 


Discharge  in  wcond-feet. 


Room. 


Maximum.     Minimum.  '       Mean. 


August  20  to  31  a 

September 

October 

Xovember 

I>eceinber 


161 
i;i8 
345 
138 
138 


117 

88 
88 
88 
88 


«'137 
108 
103 
103 
102 


CI  12  days. 


b  Mean  for  12  days. 
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TRIBUTARIES   OF  COOSA  RIVER. 


Miscellaneous  discharge  measurements  of  tributaries  of  Coosa  River 
were  made  by  B.  M.  Hall,  M.  R.  Hall,  and  assistants,  as  follows: 

Miscellaneous  discharge  measurements  of  tribtUaries  of  Coosa  River. 


Date. 


1898. 
Mav    26 

1900. 
Aug.    16 
15 
17 

1901. 
Oct.    16 

1903. 
July      2 
2 


Stream. 


IX)cation. 


Choccolocco  Creek 


Talladega  Creek 


Eureka 


Kymulga  post-office. 


Tallaseehatehee  Creek . .   Childersbui^ 


Hatchet  Creek 


Wills  Creek. 


Goodwater 


Little  River, 


Wesson's  mill,  2  miles 
north  of  Attalla. 


Cedar  Bluff. 


Chattooga  River Gaylesville 


Dia- 
charge. 


Remarket. 


Sec.-Jl.  I 
171     Low  water. 


107     Medium. 
102 
84 

107     Low  water. 


123 
325 


TribtUaries  of  Coosa  River  above  Wetumka. 


Side. 


Stream. 


Left... 

Right  . 
Left... 


Hi^rht 


Sof  kahatchee  Creek . . . 

Weoka  Creek 

Chestnut  Creek 

Hatchet  Creek 

do 

Pinthlocco  Creek 

Weogufka  Creek 

Waxahatchee  Creek  . . . ' do 

Yellowleaf  Crt»ek do 


Point. 


Drainage 
area. 


Mouth  of  creek , 

....do 

....do 

....do  

Go(Klwater 

Mouth  of  creek , 
....do 


Sq. 


Left. 


Right 
Left. 


Talla.soehatchee  Creek , 

Talladega  Oeek 

do 


Esti- 
mated 

dis- 
charge 
low  water 
1900-1901. 


Net  horse- 
power 
per  foot  of 
fall  on  80 
percent 
turbine. 


do 

do  ..... 

Nottingham 


Kelly  Creek Mouth  of  creek 


Choccolocco  Creek 
do 


do 

Jenifer 


Blue  Eve  Creek I  Mouth  of  creek , 


mUes 

Scr.'fcft. 

40 

12 

1.1 

85 

28 

2.5 

90 

30 

2.7 

500 

165 

16.0 

105 

40 

3.6 

60 

24 

2.2 

120 

48 

4.3 

196 

75 

6.8 

192 

75 

6.8 

172 

70 

6.3 

188 

75 

6.8 

156 

66 

6.0 

218 

88 

8.0 

510 

153 

13.9 

273 

95 

8.6 

26 

7 

.6 
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T}ributaries  of  Coosa  River  above  Wetumkn — (\>ntiniie<l. 


.-Jide. 


Right 
Left.. 


Right 


Uft-. 
Right 
Uft . . 

Right 


stream. 


Broken  Arrow  Creek . 

Trout  Creek 

Cane  Creek 

Ohatchee  Creek 

do 


Talla^eehatchee  Creek . 

Shoal  Creek 

Beaver  Creek 

Big  Canoe  Creek 

do 


Little  Canoe  Creek 

Wills  Creek 

do 


Point. 


Mouth  of  creek 

do 

do 

do 


Above    Tallasee- 
hatchee  Creek. 

Mouth  of  creek 

do 

do 

do 


Above    Little   Canoe 
Creek. 

Mouth  of  creek 

do 


Above    IJttle    Wills 
Creek. 


Above  Wesson's  mill 
Mouth  of  creek 


do 

Black  Creek 

Little  Wills  Creek do 

Ballplay  Creek do 

Terrapin  Creek , do 

Chattooga  River i  Above  Little  River 


.do I  Alabama- Georgia 

State  line. 


I^ittle  River 
Coosa  River 


Mouth  of  river 


Alabama -Georgia 
State  line. 


DralnaKi* 
area. 

Eatl- 
matoil 

dis- 
charge 
low  water 
1900-1901. 

Net  home* 

llOW«T 
pi*T  f<M>t  of 

fall  on  m 
pt«rc*ent 
tiirbiiio. 

Sq.  milet. 

Scc/rrt. 

49 

18 

1.6 

23 

10 

.9 

94 

35 

3.2 

217 

85 

86 

35 

3.2 

125 

nO 

4.5 

31 

12 

1.1 

33 

12 

1.1 

248 

90 

8.2 

165 

65 

5.9 

M 

14 

1.3 

354 

160 

14.4 

249 

115 

10.4 

200 

107 

9.7 

59 

25 

'           2.3 

30 

14 

1.3 

33 

15 

1.4 

282 

130 

11.8 

384 

170 

15.4 

246 

121 

11.0 

1 

280 

KiO 

1 

11.8 

4, 340 

'     2,000 

'       181.8 

On  the  above-named  tributaries  there  are  many  important  water 
powers,  veiy  few  of  which  have  been  surveyed.  The  above  list,  giving 
the  drainage  area,  the  discharge  for  low  season,  1900-1901,  and  the  cor- 
responding net  horsepower  per  foot  fall  for  each  of  the  streams  will 
l)e  very  useful  in  estimating  the  horsepower  available  on  any  shoal, 
the  fall  of  which  may  hereafter  be  surveyed  by  the  owners  or  by  parties 
contemplating  development. 

Talladega  Creek,  in  the  vicinity  of  Taylor's  mill,  has  a  fall  of  73  foot 
in  1  mile.  During  the  low  water  of  1900  and  1901  this  73  feet  of 
fall  would  have  produced  438  feet  net  horsepower  without  storage. 
This  73  feet  is  probably  the  most  precipitous  shoal  on  the  large  croek. 
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but  above  it  for  4  or  5  miles  the  creek  has  a  number  of  rapids  and 
shoals  that  will  admit  of  good  development. 

The  headwaters  of  this  stream  in  the  neighborhood  of  the  pyrites 
mines  in  Clay  County  have  high  falls  on  them. 

Choccolocco  Creek  is  a  very  large  and  constant  stream,  and  has  many 
rapids  where  good  power  could  be  developed  by  dams.  During  a  seai?on 
such  as  low  water  of  1900  or  1901  a  10-foot  dam  near  Jenifer  would 
develop  86  net  horsepower.  A  10-foot  dam  at  any  point  near  the 
mouth  of  the  creek  would  develop  140  net  horsepower  during  the  given 
season. 

Wills  Creek,  at  the  old  Wesson  mill,  two  miles  north  of  Attalla, 
offers  a  good  site  for  a  25-foot  dam.  The  flow  at  this  point  on  Octo- 
ber 16,  1901,  was  107  second-feet,  which,  with  a  fall  of  25  feet,  will 
give  242  net  horsepower.  The  fall  on  other  tributaries  named  has  not 
been  ascertained. 

AliABAMA  RIVER  AND  TRIBUTARIES. 

ALABAMA  RIVER  AT  SELMA. 

This  station  was  originally  established  by  the  United  States  Engi- 
neer Corps;  readings  are  now  taken  by  the  United  States  Weather 
Bureau.  The  gage,  which  is  attached  to  the  iron  highway  bridge, 
the  floor  of  which  is  about  60  feet  above  low  water,  is  in  two  sections. 
The  lower  section,  which  reads  from  —0.3  feet  to  +2.30  feet,  is 
secured  to  the  pile  on  the  lower  side  of  the  cofferdam  on  the  draw  pier; 
the  upper  section,  which  reads  from  .2. 30  feet  to  48  feet,  is  spiked  to 
the  highway  bridge.  The  bench  mark,  which  is  an  iron  bolt  driven 
into  the  face  of  a  rock  bluff  182.3  feet  from  the  first  bridge  pier,  on 
the  road  ascending  to  the  city,  is  26  feet  above  the  zero  of  the  gage 
and  87.30  feet  above  mean  sea  level.  The  top  of  the  coping  stone  of 
the  pivot  pier  at  the  highway  bridge  to  which  the  gage  is  attached  is 
56  feet  above  the  zero  of  the  gage,  and  117.30  feet  above  mean  sea  level. 
Graduations  extend  from  -3.0  feet  to  +48  feet.  No  measurements 
of  discharge  were  made  here  during  1899. 
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The  following  measurements  were  made  by  M.  K.  Hall  and  others: 

Discharge  meaturements  of  Alabama  River  at  Selma, 


1900. 

April  14 

Mav26 

August  24... 

1901. 
March  14  . . . 
April  25 


FbeL  Second'/eet. 

23. 60  66, 607 

6. 10  17, 049 

3. 10  9, 879 


14.20 
34.00 


35,518 
90,332 


1901. 

AufHUit  9 

October  30 . . 

i9as. 

April  10.... 

June  19 

November  11 


hegSt.   '  W-^hanre. 


4.a5 

1.10 

22.35 
6.45 
1.00 


Srfwui-/eft. 
12, 519 
7,710 

59, 101 

18, 815 

8,290 


DaUy  gage  height,  in  feet,  of  Ak^ma  River  at  Selma. 


Day.          , 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.  ' 

1 

Oct. 

1 
Nov.  1 

1 

Dec. 

1 

1899. 

1 

6.2 

10.8 

35.8 

23.8 

13.9 

4.5 

2.5 

11.1 

3.7  , 

-1.2 

-0.2  1 

4.8 

2 

6.2 

17.0 

36.8 

24.3 

11.5 

4.0 

2.6 

9.9 

4.3 

-1.3 

-   .3 

3.7 

3 

6.5 

20.2 

88.8 

24.9 

9.9 

4.0 

2.6 

9.0 

4.6 

-1.3 

-  .5 

3.0 

1 

6.2 

24.0  i 

37.7 

24.1 

9.8 

4.0 

2.6 

6.7 

4.H 

1.3 

-  .6 

3.0 

ft 

6.2 

26.8  ' 

35.3 

'22.3 

8.5 

3.8 

2.1 

6.5 

4.4 

-1.1 

-  .7 

2,8 

6 

.5.8 

27,2 

32.6 

20.9 

8.1 

3.9 

1.6 

5.8 

4.4 

1.0 

-  .7 

2.8 

7 

6.6 

27.2 

30.5 

20.0 

7.5 

3.8 

1.6 

5.3 

4.1  , 

-1.6 

-  .8 

1.7 

H 

8.3 

29.8 

27.5 

19.8 

7.4 

3.7 

1.5 

4.7 

3.9  ' 

-  .5 

-  .8 

1.7 

9 

9.7 

32.2 

23.4 

23.3 

7.8 

3.8 

1.4 

4.5 

3.6  1 

-  .4 

-  .8 

1.3 

10 1 

11.6 

33.9 

19.7 

25.6 

7.3 

8.1 

1.3 

3.7 

.6 

.4 

.9 

1.3 

11 

!3.9 

34.4 

16.9 

26.9 

7.5 

2.8 

1.3 

3.5 

.4 

-  .5 

.9 

1.4 

12 

14.8 

33.9 

15.0 

26.6 

7.2 

2.3 

1.2 

3.0 

.3  , 

-  .6 

-  1.0 

4.0 

13 

21.2 

32.0 

13.9 

26.1 

6.8 

2.6 

1.5 

2.9 

.3 

.6 

1.1 

10.4 

U 

21.9 

90.0 

16.2 

22.6 

6.5 

2.4 

1.2 

2.7 

.2 

-  .2 

-1.2 

16.6 

15 

19.8 

28.0 

16.8 

19.5 

6.3 

2.4 

1.1 

2.6 

.2 

-  .2 

1.2 

17.8 

16 

18.0 

26.5 

19.4 

16.3 

6.2 

2.3 

1.0 

2.6 

.1 

-  .2 

-1.3 

16.3 

17 

17.5 

26.8 

21.4 

14.0 

6.1 

'i-fi 

1.0 

2.6 

.6 

—  .3 

-1.3 

13.4 

ih 

17.2 
17.0 

24.0 
22.3 

27.7 
31.6 

13.0 
12.0 

5.6 
5.4 

3.4 
3.9 

-.1 

3.6 
4.1 

1.3, 
1.0 

-  .5 
.7 

-1.3 
1.2 

9.9 

19 

8.4 

2'> 

15.8 

19.9 

33.5 

11.2 

5.0 

3.9 

.6 

4.3 

.9  1 

-  .« 

-1.0 

3.8 

21 

U.2 

19.9 

34.7 

,    10.5 

4.8 

3.1 

1.0 

3.6 

.6  ' 

.7 

-1.0 

3.8 

•22 

12.6 

19.5 

34.8 

'    10.4 

4.5 

•    2.8 

1.6 

3.5 

.6 

-    .H 

-  .6 

3.4 

23 

10.2 

18.8 

M.2 

10.2 

4.4 

1.6 

5.5 

3.4 

.  i 

.2 

.6 

3.4 

24 

10.3 

17.8 

33.4 

1     10.1 

4.8 

1.4 

10.7 

;      3.1 

.H 

.0 

-  .3 

3.8 

2?» 

9.4 

17.3 

81.1 

12.4 

5.0 

1.4 

14.8 

3.6 

-1.0 

.0 

.1 

7.6 

2»> 

9.0 

16.4 

32.6 

13.5 

6.0 

1.6 

17.0 

'      4.2 

1.0 

-  .5 

.2 

12. 2 

27    

8.9 

20.3 

81.8 

16.3 

6.1 

1.7 

17.0 

3.9 

-1.0 

-  .5 

.9 

13. 5 

2S 

8.6 

31.2 

30.5 

17.9 

5.2 

2.0 

14.9 

3.6 

-1.0 

-  .6 

3.2 

13.7 

29 

8.6 

29.3 

17.7 

4.5 

2.2 

13.1 

4.3 

1.1 

-  .6 

4.6 

12.3 

30 

9.0 
9.6 

27.8 
26.3 

16.1 

4.3 
4.2 

2.4 

1  _          _ 

12.8 
11.9 

1      4.6 

3.H 

-1.1 

-  .6 
.4 

..*:.'. 

11.4 

31 

8.3 

no 
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Daily  gage  height,  in  feet,  of  Alabama  River  at  Selma — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Det*. 

1900. 

» 

1 

7.2 
6.6 

4.8 
3.6 

17.2 
19.7 

19.8 
16.8 

15.4 
13.9 

4.8 
4.6 

34.8 
33.0 

14.0 
13.0 

3.9 
3.9 

.8 
.7 

2.0 
2.0 

16.0 

2 

14.0 

3 

4.3 

3.5 

22.2 

14.0 

13.0 

4.4 

29.8 

11.0 

S.8 

.6 

4.0 

11.  (• 

4 

3.3 

3.9 

22.0 

12.0 

12,0 

4.2 

26.6 

9.0 

4.5 

.6 

9.0 

9-0 

5 

3.0 

4.7 

20.6 

10.9 

11.8 

5.6 

23.5 

7.0 

6.4 

.5 

14.0 

8.0 

6 

8.0 

6.2 

17.8 

8.0 

10.2 

5.1 

20.2 

6.0 

5.0 

1.0 

13.6 

7.5 

7 

3.0 

8.2 

15.0 

7.8 

9.6 

4.6 

17.0 

5.6 

4.6 

1.8 

9.4 

7.0 

8 

3.0 

8.4 

13.9 

8.9 

8.8 

4.2 

14.0 

5.0 

4.1 

2.5 

6.8 

7,0 

9 

2.7 
2.7 
3.3 
7.7 

8.5 
10.7 
16.0 
22.2 

14.9 
18.8 
20.9 
22.2 

9.6 

9.6 

9.8 

12.0 

8.0 
7.8 
7.6 
7.3 

6.8 
11.6 
13.5 
14.0 

11.6 

10.0 

9.8 

10.2 

4.8 
4.5 
3  2 
8.0 

3.3 

1.8 
1.0 

.7 

4.0 
4.2 
2.0 
2.0 

4.0 

2.0 

•   2.0 

1.9 

9.0 

10 

9.4 

11 

6.0 

12 

5.0 

13 

12.4 

29.9 

22.0 

17.7 

7.0 

18.9 

10.0 

2.8 

.6 

2.5 

1.6 

2.0 

14 

13.5 

38.6 

19.9 

23.4 

6.6 

12.8 

9.9 

2.5 

1.0' 

4.8 

1.6 

3.2 

16 

14.7 

44.0 

19.0 

25.6 

6.4 

11.0 

9.9 

2.5 

1.6 

6.7 

1.0 

9.0 

16 

14.0 

47.0 

16.9 

25.0 

6.0 

9.0 

10.0 

2.4 

11.0 

6.0 

1.0 

11.0 

17 

13.2 

48.0 

15.3 

22.5 

6.7 

8.9 

9.9 

2.8 

18.0 

5.2 

1.0 

11.0 

18 

12.0 

47.9 

13.9 

23.5 

5.5 

8.8 

9.0 

2.7 

19.0 

2.5 

1.0 

10.0 

19 

11.1 

47.0 

14.8 

29.0 

6.2 

8.6 

7.0 

2.7 

19.4 

1.0 

1.0 

6.0 

20 

11.1 
13.4 

44.1 
41.6 

14.6 
18.8 

34.8 
39.0 

5.1 
5.0 

10.0 
10.9 

7.0 
6.5 

2.5 
2.3 

16.0 
12.5 

1.0 
.9 

1.0 
1.0 

5.1 

21 

9.0 

22 

16.9 
18.6 
18.3 

36.9 
33.2 
22.6 

23.0 
25.5 
29.0 

39.8 
41.0 
40.0 

5.0 

4.8 
5.5 

12.0 
12.9 
14.0 

6.6 
6.3 
6.0 

2.6 
3.6 
8.8 

10.0 
6.0 
3.0 

1.0 
1.6 
6.0 

1.6 
6.0 
9.0 

14.5 

23 

17.0 

24 

17.2 

25 

17.0 
14.7 
13.0 
11.2 
8.4 

22.6 
21.1 
19.0 
16.9 

30.2 
32.7 
33.3 
32.5 
30.6 

38.5 
35.8 
32.7 
28.5 
23.0 

6.1 
6.2 
6.6 
6.8 
6.0 

17.6 
24.5 
29.0 
32.0 
33.5 

6.8 
6.0 
4.5 
4.4 
7.5 

4.0 
3.5 
8.6 
3.4 
3.5 

1.9 
1.6 
1.0 
1.0 
.9 

11.5 
12.0 
11.5 
12.3 
13.0 

9.8 

9.9 

13.0 

16.0 

16.8 

17.6 

26 

IH.O 

27 

17.0 

28 

14.5 

29 

12.9 

30 

0.5 

27.7 

18.0 

5.5 

35.0 

8.0 

4.0 

.8 

11.0 

17.0 

11.2 

31 

4.8 

=       — 

24.4 

- 

6.0 

11.8 

4.2 

5.0 



11.0 

1901 

1 

16.0 
21.0 
24.0 
24.6 
24.0 
23.0 
18.0 
15.0 

13.0 
13.0 
13.6 
17.0 
24.9 
30.1 
33.0 
35. 1 

11.3 
9.8 
9.5 
9.3 
9.6 
9.6 
9.4 
8.0 

35.6 
36.5 
37.4 
38.5 
38.4 
37.2 
35.5 
38.0 

12.0 
10.4 
10.0 
9.6 
8.2 
7.0 
•7.0 
6.8 

19.0 
17.0 
16.6 
18.5 
19.0 
19.8 
18.5 
17.4 

1.0 
2.0 
2.4 
6.6 
6.0 
5.6 
6.6 
5.5 

2.8 
2.6 
2.6 
2.8 
3.0 
2.8 
6.6 
4.6 

17.0 
13.8 
10.6 
8.8 
8.0 
7.4 
6.0 
5.2 

4.3 
4.3 
5.0 
7.4 
7.9 
6.4 
5.8 
5.0 

1.4 
1.4 
1.4 
1.5 
1.5 
1.4 
1.6 
1.6 

1.8 

2 

l.« 

3 

1.9 

4 

•»  •» 

5 

2.3 

6 

2.3 

7 

2.4 

8 

2.1 

9 

13.3 

35.6 

7.7 

28.0 

6.4 

16.1 

6.5 

4.2 

4.4 

4.3 

1.5 

2.0 

10 

10.0 

35.7 

7.9 

22.6 

6.0 

14.8 

5.5 

3.4 

4.4 

3.4 

1.5 

2.2 

11 

8.1 

33.0 

9.0 

17.4 

5.0 

12.0 

5.2 

4.0 

3.6 

.  2.9 

1.5 

2.4 

12 

16.5 
28.0 
34.0 

81.4 
31.2 
27.0 

10.2 
12.0 
14.1 

14.0 
12.0 
11.8 

6.0 
4.8 
4.5 

11.0 
9.5 
8.0 

6.2 
5.1 
4.4 

5.3 
6.2 
4.4 

8.4 
8.2 
8.7 

2.8 
2.6 
2.5 

1.6 
1.4 
1.4 

2.4 

13 

2.4 

14 

2,6 

15 

38.0 

26.0 

15.4 

12.0 

4.0 

7.6 

3.7 

3.8 

4.3 

2.2 

1.4 

5.0 

16 

39.5 

20.6 

16.0 

15.0 

3.8 

7.0 

3.7 

6.0 

4.0 

2,5 

1.3 

10.0 

17 

40.0 
i  39.0 
37.5 
35.0 
32.4 
29.0 
24.0 
22.0 
14.0 
12.8 
12.8 
12.7 
12.7 

16.9 
14.6 
13.1 
12.6 
12.0 
11.8 
11.7 
11.6 
11.2 
11.5 
11.4 
11.3 

14.8 

12.0 

11.1 

10.5 

11.0 

11.9 

12.2 

13.0 

14.7' 

17.0 

22. 5 

27. 6 
31.0 

16.5 
17.3 
22.0 
28.6 
35. 0 

:«.o 

39.0 
38.0 
35.8 
31.9 
28.0 
24.2 
19.5 

3.4 

8.2 

3.0 

3.0 

3.5 

4.7 

9.4 

17.0 

19.0 

20.0 

20.9 

22.0 

21.8 

6.1 
6.0 
5.0 
4.1 
3.4 
3.0 
3.0 
2.6 
2.2 
2.0 
1.5 
1.3 
1.2 

3.5 
4.8 
6.3 
7.3 
6.0 
5.5 
5.4 
5.4 
4.4 
4.0 
4.0 
8.6 
2.9 

7.4 
11.0 
12.0 
16.0 
17.6 
18.8 
20.0 
20.9 
22.8 
24.6 
24.8 
22.9 
21.0 

5.0 

5.0 

5.5 

9.6 

11.4 

11.5 

11.2 

10.0 

7.5 

6.0 

4.4 

4.0 

4.0 

2.5 
2.4 
2.0 
2.3 
2.5 
2.5 
2.2 
2.0 
2.0 
2.0 
1.8 
1.6 
1.5 

1.3 
1.3 
1.4 
1.6 
1.8 
1.8 
1.8 
1.8 
1.9 
1.9 
2.0 
2.0 
2.0 

18.0 

18 

21.6 

19 

22.0 

20 

21.5 

21 

18.7 

22 

15.0 

23 

14.2 

24 

12.0 

26 

ll.O 

26 

7.1 

27 

6.2 

28 

6.0 

29 

11.0 

30 

13.0 

;«.o 

15.0 

20.7 

1.2 

2.9 

20.6 

4.2 

1.3 

1.8 

2:vo 

81 

13.0 

1 

34. 5 

19.5 

•.•>■>■■ 

2.8 

19.5 

1.3 

3.Y0 

HAU.] 
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Ikuiy  gaffe  htighi,  infeet^  of  Alabama  River  cU  Mma — (  VmtinuiHl. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

St'pt. 

(Kt. 

Nf»v. 

\>Vi'. 

190t». 

1 

41.0 

16.8 

34.3 

50.1 

8.4 

3.6 

1.5 

•■*  . 

3.5  1 

3.7 

l.t 

6.0 

•» 

45.0 

23.0 

41.5 

60.7 

8.7 

3.5 

1.2 

.4 

3.7 

5.2 

.8 

6.3 

3 

46.6 
46.3 

29.8 
35.0 

45.2 
47.1 

50.0 

48.6 

8.4 
7.8 

3.5 
4.0 

1.0 
1.0 

.7 

.8 

3.0 

3.8 

5.0 
4.0 

.7 
.5 

8.8 

4 

10. 5 

=» 1 

41.4 

37.0 

37.5 
37.9 

47.1 
46.2 

46.0 
42.4 

7.4 
7.0 

4.0 
3.8 

.9 

.8 

.9 
1.1 

3.0 
3.0 

3.6 
8.0 

.2 
.4 

IS.  6 

6 

14.0 

7  .-._.......... 

85.0 
33.0 

37.9 
37.0 

44.4 
43.0 

39.0 
35.6 

7.0 
7.0 

3.5 
3.2 

.7 
.6 

1.4 
1.3 

2.5 
2.2 

2.S 
2. 5 

.8 
3.9 

14.2 

h 

13.7 

9 

30.0 

34.0 

41. H 

32.0 

6.9 

2.9 

.6 

1.1 

2.0 

2.5 

4.8 

12  0 

10 

25.4 

30.0 

39.0 

28.9 

6.8 

2.9 

.6 

l.l 

1.2 

1.0 

4.0 

9.8 

11 

17.0 
14.9 

24.0 
17.6 

35.1 
30.0 

25.6 
22.0 

6.7 
6.5 

2.9 

2.8 

1.0 
1.1 

1.6 
1.5  ■ 

.9 

.8 

2.0 
2.0 

2.8 
1.9 

7.8 

12 

7.2 

13 

10.1 

14.0 

25.5 

19.0 

6.3 

2.6 

1.1 

1.1 

.7 

4.0 

1.5 

5.3 

14 , 

9.0 

11.7 

21.0 

16.2 

6.0 

2.5 

1.8 

.9 

.6 

6.0 

1.4 

4.2 

l.» ; 

H.l 
7.5 

11.6 
12.0 

19.2 
19.8 

14.6 
14.2 

5.8 
6.0 

2.5 
2.8 

1.9 
1.9 

.8 
.8 

.2 
.0 

5.8 
5.0 

.9 
.  4 

8.H 

ItJ 

7  6 

17 

7.0 

12.3 

23.0 

13.0 

7.4 

2.6 

1.9 

.7 

.1 

4.6 

.5 

13.8 

IS 

6.5 

13.0 

28.0 

12.2 

8.7 

2.4 

1.9 

.« 

■  « 

4.6 

.5 

21.5 

19 

6.6 

12.0 

32.0 

12.8 

9.6 

2.3 

1.9 

.1 

.« 

4.0 

.7  . 

25.5 

20 

6.5 

11.8 

33.6 

13.2 

9.0 

2.2 

2.0 

.0 

.3 

2.0 

.9 

25.6 

21 

8.0 

11.8 

33.8 

13.0 

8.6 

2.1 

2.1 

-.1 

.0 

1.8 

1.4 

22.0 

•££ 

8.1 

11.9 

29.8 

13.0 

7.8 

2.0 

2.5 

.2 

.0 

1.4 

1.5 

17.0 

■a 

9.0 

12.0 

26.0 

11.4 

6.6 

2.0 

2.4 

-.3 

-  .1 

1.0 

1.5 

15.0 

21 

12.0 

12.2 

23.0 

10.6 

5.9 

2.0 

1.8 

.2 

-  .2  . 

1.0 

1.3 

15. 0 

2!S 

13.8 

12.0 

22.8 

10.0 

5.4 

1.9 

1.0 

.4 

-.2 

.9 

1.7 

15.0 

26 

13.0 
11.5 
11.4 

12.0 
14.0 
23.6 

24.0 
24.9 
90.0 

9.8 
9.4 
9.0 

5.4 
5.0 

4.8 

1.9 
1.8 
1.8 

.8 
.6 
.5 

.3 

.4 

-.2 

-.2 
.2 

.2 

.6 
.2 
.0 

2.6 
4.8 
7.6 

14.0 

•J7 

12.8 

2H 

10.9 

29 

12.0 

14.6 

38.0 
45.1 

8.6 
8.5 

4.4 

4.0 

1.8 
1.7 

.4 

.5 

.1 
.2 

.5 
.9 

-.1 
1.2 

6.9 

5.8 

9.0 

:» 

7.0 

31 

16.0 

—    _ 

48.9 

3.8 

- 

.5 

.4 

1.8 

6.4 

1908. 

" 

1 

6.8 

7.0 

33.5 

28.0 

9.6 

7.0 

10.0 

3.5 

1.5 

.1 

-   .2 

.4 

2 

8.0 

6.9 

38.0 

80.2 

9.4 

8.0 

9.8 

4.8 

1.6 

.0 

.2 

.5 

3    

8.9 

6.8 

41.0 

31.4 

8.8 

9.6 

9.0 

6.8 

1.6 

.0 

-   .1 

.5 

4 

11.0 

7.0 

42.6 

31.4 

8.7 

12.7 

8.0 

6.8 

1.4 

.2 

.0 

.4 

6 

11.9 
13.0 
11.0 
10.0 
9.5 

7.0 

9.6 

14.0 

23.5 

23.0 

42.8 
42.0 
40.2 
38.5 
36.7 

30.2 
29.0 
27.8 
26.3 
24.5 

8.7 
8,4 
7.8 
7.8 
8.0 

13.5 
13.2 
14.5 
16.0 
17.0 

7.0 
6.8 
6.4 
6.4 
7.6 

6.1 
6.0 
5.5  . 
5.0  ' 
5.0 

1.4  , 
1.2 

.5 

.2 
--  .2 

-  'S\ 

-  .3 
-  .3 

.1 
.1 
.3 
.2 
.5 

.5 

6 

.3 

7  .............. 

.4 

8 

.4 

9 

.5 

10 

8.2 

39.0 

35.0 

22.4 

10.0 

17.0 

8.8 

5.4 

.4 

.0 

.9 

.5 

11 

7.0 

44.3 

34.0 

22.2 

9.8 

17.0 

9.0 

6.6 

.4 

.4 

1.0 

.5 

12 

•      7.9 

48.0 

81.3 

20.7 

9.0 

16.0 

8.0 

6.1 

.3 

.  5 

1.1 

.6 

13 

10.6 

49.5 

29.8 

21.5 

11.2 

14.0 

6.8 

5.0 

.2 

.6 

1.0 

.8 

14 

12.8 

50.2 

27.5 

20.8 

16.0 

11.0 

6»Ll 

4.6 

.1 

.1 

1.0 

.9 

ir» 

13.0 

50.6 

27.0 

20.0 

21.0 

9.5 

*9t 

A  3.3 

.1 

.2 

1.0 

.9 

16 

,     12.0 

49.9 

27.0 

20.3 

25.0 

8.6 

h.m 

K    8.0 

.0 

.4 

.9 

.9 

17 

1     11.8 

49.0 

27.0 

2U.8 

30.0 

«.0 

6.5 

2.8 

.6 

.4 

.9 

.9 

IH 

'    10.0 

47.7 

26.3 

20.9 

81.2 

7.4 

8.8 

4.0 

1.3 

.6 

.8 

.8 

19 

9.0 
7.9 

47.3 

47.8 

24.0 
21.3 

19.0 
17.6 

29.7 
24.0 

6.8 
6.5 

8.6 
7.0 

5.0 
6.7 

2.2 

2.5  ' 

.6 

.5 

.7 

.6 

20 

.6 

21 

7.0 

47.9 

13.0 

15.4 

16.5 

5.9 

6.0 

7.7 

1.7  , 

.5 

.8 

.5 

22 

6.4 

47.0 

16.0 

17.2 

11.8 

5.9 

5.0 

7.4  1 

1.5 

.4 

.8 

.6 

23 

6.0 

45.0 

16.0 

17.5 

9.8 

6.4 

4.5 

5.0 

1.5 ; 

.4 

.8 

1.0 

24 

5.8 

42.0 

19.0 

14.  H 

8.7 

7.4 

3.8 

4.0 

1.3: 

.4 

.7 

1.0 

25 

5.4 
6.2 
6.2 
5.8 
6.0 
!      7.0 

38.0 
•33.8 
28.0 
28.9 

23.0 
26.1 
26.3 
26.7 
26.4 
26.2 

12.8 
11.7 
11.0 
10.8 

10.0 
9.8 

7.9 
7.6 
7.0 
6.8 
6.4 
6.7 

7.5 
7.5 
7.0 
6.8 
9.5 
11.4 

3.6 
3.5 
3.7 
4.0 
4.0 
3.5 

3.1 
3.0 
2.(i 
2.0 
1.7 
1.6 

.8  . 
.6 
.6  • 
.6 
.6 
.5  ' 

.5 
.6 
.5 
.2 
.0 
.0 

.8 
.9 
1.0 
.8 
.5 
.5 

1.0 

26 

1.1 

27 

2.0 

2H 

8.0 

29 

8.1 

30 

2.6 

31 

7.2 

26.2 

\ 
1 

6.5 

8.5 

1.6 

1 

.0 

1.8 
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Rating  table  for  Alabama  River  at  Selmafor  1900  and  1901. 


Gage 
height. 

Disc 

harge. 
id/eet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

heignt. 

Dischaise. 

Feet. 

Seco^ 

Second/eet. 

Fed. 

Secondjeet. 

Feet. 

Second/eet. 

0.0 

6,700 

4.0 

11,820 

8.0 

22,180 

12.0 

32,  820 

.1 

6 

,770 

4.1 

12, 

,015 

8.1 

22 

,446 

12.1 

a3, 

,086 

!         .2 

"6 

,845 

4.2 

12 

,220 

8.2 

22, 

,712 

12.2 

33, 

,352 

.3 

6 

,925 

4.3 

12 

,435 

8.3 

22, 

,978 

12.3 

33, 

,618 

.4 

,010 

4.4 

12 

,660 

8.4 

23, 

,244 

12.4 

33, 

,884 

.5 

7 

,100 

4.5 

12, 

,900 

8.5 

23 

,510 

12.5 

34, 

,150 

.6 

t 

,184 

4.6 

13, 

,150 

8.6 

23 

,776 

12.6 

34, 

,416 

7 

,282 

4.7 

13 

,405 

8.7- 

24 

,042 

12.7 

34, 

,682 

.8 

7 

,384 

4.8 

13, 

,668 

8.8 

24 

,308 

12.8 

34, 

,948 

.9 

7 

,488 

4.9 

13 

,934 

8.9 

24, 

,574 

12.9 

35, 

,214 

1.0 

,596 

5.0 

14 

,200 

9.0 

24, 

,840 

13.0 

35, 

,480 

l.l 

w 
' 

,706 

5.1 

14, 

,466 

9.1 

25, 

,106 

13.1 

35, 

,746 

;     1.2 

,818 

5.2 

14 

,732 

9.2 

25, 

,372 

13.2 

36, 

,012 

1  ^'^ 

1^ 

,931 

5.3 

14 

,998 

9.3 

25 

,638 

13.3 

36 

,278 

i       1.4 

8 

,045 

5.4 

15 

,264 

9.4 

25 

,904 

13.4 

36, 

,544 

1.5 

8 

,160 

5.5 

15 

,530 

9.5 

26 

,170 

13.5 

36, 

,810 

1.6 

8 

,270 

5.6 

15 

,796 

9.6 

26, 

,436 

13.6 

37 

,076 

1 

1.  / 

8 

,  393 

5.  7 

16 

,062 

9.7 

26 

,702 

13.7 

37, 

,342 

1.8 

8 

,511 

5.8 

16 

,328 

9.8 

26, 

,968 

13.8 

37, 

,608 

1.9 

8 

,630 

5.9 

16 

,594 

9.9 

27, 

,234 

13.9 

37, 

,874 

2.0 

8 

,750 

6.0 

16 

,860 

10.0 

27 

,500 

14.0 

:«, 

,140 

2.1 

8 

,872 

6.1 

17 

,126 

10.1 

27 

,760 

14.1 

:i8. 

,406 

2.  2 

8 

,996 

6.2 

.    17 

,  392 

10.2 

28, 

,032 

14.2 

38 

,672 

2.3 

9 

,124 

6.  3  -' 

•  ^7, 

,658 

10.3 

28, 

,290 

14.3 

38 

,838 

2.4 

9 

,256 

6.4 

1/ 

,924 

10.4 

28, 

,564 

14.4 

39, 

,104 

2.5 

9 

,  392 

6.5 

18, 

,190 

10.5 

28, 

830 

14.5 

39 

,370 

1       2.6 

9 

,  532 

6.6 

18, 

,456 

10.6 

29, 

096 

14.6 

39, 

,676 

2.7 

9 

,676 

6.7 

18 

,722 

10.7 

29, 

,362 

14.7 

40, 

,002 

2.8 

9 

,822 

6.8 

18 

988 

10.8 

29, 

,628 

14.8 

40, 

,268 

2.9 

<) 

,970 

6.9 

19 

,254 

10.9 

29, 

,894 

14.9 

40 

,534 

3.0 

10 

,120 

7.0 

19, 

,520 

11.0 

30, 

160 

15.0 

40, 

,800 

3.1 

10 

,272 

7.1 

19 

786 

11.1 

30, 

426 

15.1 

41, 

,066 

3.2 

10 

,428 

7.2 

20 

a52 

11.2 

30, 

692 

15.2 

41, 

,332 

3.3 

10 

,  588 

7.3 

20 

,318 

11.3 

30, 

958 

15.3 

41, 

,598 

3.4 

10 

,  752 

7.4 

20 

584 

11.4 

31, 

224 

15.4 

41, 

,8(V4 

3.5 

10 

,920 

7.5 

20 

850 

11.5 

31, 

490 

15.5 

42, 

,130 

3.6 

11 

,092 

7.6 

21 

116 

11.6 

31, 

756 

15.6 

42 

,396 

3.7 

11 

,268 

7.7 

21 

,  382 

11.7 

32 

,  022 

15.7 

42 

,662 

3.8 

11 

,448 

7.8 

21, 

648 

11.8 

32, 

,228 

15.8 

42, 

,928 

3.9 

11, 

,632 

7.9 

21, 

914 

11.9 

32 

,556 

15.9 

43 

,194 
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Rating  tabU  for  Alabama  Jtiver  at  Seimafor  2900  and  1901 — Continued. 


G«ge 
height. 

1 
Discharge. 

Gage 
height. 

Ptft, 

DlfK 

harge, 
•d/ert. 

Gage 
height. 

>Vrt. 

DiMTharge. 

Gago 
height. 

FeA, 

I)iM-hiiiK<*. 

Ffti, 

Second-feet. 

.SfrtM 

Seconii-Jrei. 

Sifimtl-/t<l. 

16.0 

43,460     ' 

,     19.6 

53,036 

23.2 

62,612 

ai.H 

72,188 

16.1 

43, 

726 

19.7 

53 

,302 

23.3 

1     «2 

,878 

26.9 

72 

,454 

16.2 

43, 

,992    ' 

19.8 

53 

,568 

•    2:^.4 

'     63 

,144 

27.0 

72 

,720 

16.3 

44, 

,258 

19.9 

53 

,884 

23.5 

63 

,410 

27.1 

72 

,986 

16.4 

44, 

,524 

j    20.0 

54 

,100 

'    23.6 

63 

,676 

27.2 

73, 

,252 

16.5 

44 

,790 

20.1 

54 

,366 

23.7 

63 

,942 

27.3 

73 

518 

16.6 

46, 

,056 

20.2 

54 

,632 

23.8 

64, 

,208 

27.4 

73 

,784 

1    16.7 

45, 

,322 

20.3 

54 

,898 

23.9 

64 

►  474 

27.5 

74 

,050 

i    16.8 

45, 

,588 

20.4 

55, 

,1^ 

24.0 

64 

,740 

27.6 

74, 

,316 

16.9 

45, 

,854 

20.5 

55 

,430 

,    24.1 

65, 

,006 

27.7 

74 

,582 

17.0 

46, 

,120 

20.6 

55 

,696 

'     24.2 

65, 

,272 

27.8 

74 

,848 

.    17.1 

46, 

,386 

20.7 

55 

,962 

24.  3 

65 

,5.38 

27.9 

75 

,114 

17.2 

46, 

,652 

20.8 

56 

,228 

24.4 

65 

,804 

28.0 

75 

,:«o 

17.3 

46, 

,918 

20.9 

56 

,494 

24.5 

66, 

,070 

28.1 

75, 

,646 

:    17.4 

47, 

,184 

1    21.0 

56 

,760 

24.6 

66 

,3:^ 

28.2 

75 

,912 

17.5 

47, 

,450 

21.1 

57 

,026 

24.7 

66 

,602 

28.3 

76, 

,178 

17.6 

47, 

,716 

21.2 

57 

,292 

24.8 

66, 

,868 

28.4 

76, 

444 

17.7 

47, 

,982 

21.3 

57 

,558 

24.9 

67 

,134 

28.5 

76 

,710 

17.8 

48, 

,248 

,    21.4 

57. 

,824 

25.0 

67 

,400     ' 

28.6 

76, 

,976 

17.9 

48, 

,514 

21.5 

58 

,090 

25.1 

67 

,666 

28.7 

77 

,242 

18.0 

48, 

,780 

21.6 

58 

,356 

25.2 

67 

,932 

28.8 

II, 

508 

18.1 

49, 

,046 

21.7 

58 

,622 

25.3 

68 

,198     , 

28.9 

■77 

,744 

18.2 

49, 

,312 

21.8 

58 

,888 

25.4 

68 

,464 

29.0 

7«, 

040 

18.3 

49, 

,578 

21.9 

59 

,154 

25.5 

68 

,7:«)    ' 

29.1 

78, 

;i06 

18.4 

49, 

,844 

i     22.0 

59 

,420 

25.6 

68 

,996 

29.2 

78 

,  572 

i    18.5 

50, 

110    1 

22.1 

5ft 

,686 

25.7 

69 

,262     ' 

29.3 

78 

8;iK 

18.6 

60, 

,376 

22.2 

59 

,952 

25.8 

69 

,  528 

29.4 

7<» 

,104 

18.7 

50, 

.642    , 

22.3 

60 

,218 

25.9 

69 

,794 

2t).  5 

7«, 

,  370 

18.8 

50, 

,908 

22.4 

60 

,484 

,    26.0 

70 

,060 

29.6 

7« 

636 

18.9 

51, 

,174 

22.5 

60 

,750 

26.1 

/O 

,326     , 

29.7 

7fl, 

902 

19.0 

61, 

,440 

22.6 

61 

,016 

'    26.2 

70, 

,  592 

29.8 

80, 

168 

19.1 

51, 

,706 

22.7 

61 

,282 

26.3 

70 

,8.58     ' 

29.9 

80 

434 

.     19.2 

51 

,972 

22.8 

61 

,548 

26.4 

,     71 

,124 

30.  0 

m 

,700 

19.3 

52, 

,238    1 

22.9 

61 

,814 

26.5 

1 

71 

,390 

19.4 

52, 

,504 

23.0 

62, 

,080 

26.6 

71 

,656     ' 

19.5 

52, 

770 

23.1 

i 

62 

,346 

26.7 

1     71 

,922 

IfiR 

107- 

04 

-8 

« 
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Rating  table  for  Alabama  River  at  Selmafor  1902, 


Gage 
height. 

Diacharge. 

Gage 
1   height. 

Diachaige. 

Gage 
height. 

Dischazge.  ' 

Gage 
height. 

Feet. 

1 

Diacharge. 

Feet. 

SecoAdrfeet. 

Feet. 

Second-feeL 

Ftet. 

Second-feet. 

Secondrfeet. 

-0.4 

6,470 

3.6 

11,092  , 

11.5 

31,490 

1      28.0 

1 

75,380 

-  .2 

6,575 

3.8 

11,448 

12.0 

32,820  ' 

29.0 

1 

78,040 

.0 

6,700 

4.0 

11,820 

12.5 

34, 150 

1      30.0 

80,700 

.2 

6,845 

4.2 

12,220 

13.0 

35,480 

'      31.0 

83,360 

.4 

7,009 

4.4 

12,660 

13.5 

36,810 

,      32.0 

86,020 

.6 

7,189 

4.6 

13,150 

1      14.0 

38,140 

33.0 

88,680 

.8 

7,384 

4.8 

13,668 

14.5 

39, 370 

34.0 

91,340 

1.0 

7,596 

5.0 

14,200 

15.0 

40,800 

35.0 

94,000 

1.2 

7,818 

5.5 

15,530 

le.o 

43,460 

36.0 

96,660 

1.4 

8,045 

6.0 

16,860 

17.0 

46,120 

37.0 

99,320 

1.6 

8,276 

6.5 

18,190 

18.0 

48,780 

38.0 

101, 980 

1.8 

8,511 

7.0 

19,520 

19.0 

51,440 

39.0 

104,640 

2.0 

8,750 

7.5 

20,850  j 

20.0 

54,100 

40.0 

107, 300 

2.2 

8,996  \ 

!        8.0 

1 

22, 180 

21.0 

56,760 

41.0 

109,960 

2.4 

9,256 

8.5 

23, 510 

22.0 

59,420 

42.0 

112,620 

2.6 

9,532 

9.0 

24,840 

23.0 

62,080 

43.0 

115,280 

2.8 

9,822 

9.5 

26, 170  1 

24.0 

64,740 

44.0 

117,940 

3.0 

10, 120 

10.0 

27,500 

25.0 

67,400 

45.0 

120,600 

3.2 

10, 428 

10.5 

28,830 

26.0 

70,060  i 

46.0 

123,260     . 

3.4 

10,  752 

11.0 

30,160 

1 

27.0 

72, 720 

47.0 

126,920 

' 

' 
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Raiitig  table  for  Alabama  River  at  Selma/or  J  90S. 


Gage 
height. 

DischATge. 

Gage 
height. 

Discharge. 

Gage 
height. 

DiMt^harge. 
Sertmd'/rft. 

r.age 
height. 

F^ft. 

1 
DiMcbarge.. 

Feet. 

Sfeond-feel. 

1 

Fwl. 

Secondr/ert. 

fipft. 

Stcond'/rft. 

-0.30  , 

6,262  . 

4.30 

13, 570 

!      8.90 

23,540 

13.50 

34,410     ' 

-  .20| 

6,364 

4.40 

13, 

770 

9.00 

23,760 

13.60 

34, 670 

-  .10 

6,470 

4.50 

13, 

980 

9.10 

23,990 

13.  70 

34.940     . 

.00 

6,580 

'      4.60 

14, 

190 

9.20 

24,220 

13.80 

35.  210 

.10 

6,692 

,      4.70 

14, 

400 

9.30 

24, 450 

1     13. 90 

:«,  480 

.20 

6,806 

4,80 

14, 

610 

9.40 

24,680 

14.00 

35,  750 

.30 

6,922  1 

4.90 

14, 

820 

9.50 

24, 910 

15.00 

38,450 

.40 

7,040 

5.00 

15, 

030 

9.60 

25,140 

16.00 

41,200 

.50 

7,160 

,      5.10 

15, 

240 

9.70 

25,  370 

17.00 

43, 950 

.60 

7,282 

5.20 

15. 

450 

'      9.80 

25,600 

18.00 

46,700 

.70 

7,406 

5.30 

15, 

660 

9.90 

25,830 

'     19.00 

49, 450 

.80 

7,532 

5.40 

15, 

870 

.     10.00 

26,060 

20.00 

52,200 

.90 

7.660 

!      5.50 

16, 

080 

.     10. 10 

26,290 

21.00 

54, 950 

1.00 

7,790 

5.60 

16, 

290 

,     10.20 

26,520 

22.00 

57,  700 

1.10 

7,920 

5.70 

16, 

500 

10.30 

26,750 

23.00 

60,450 

1.20 

8,060 

5.80 

16, 

720 

1     10.40 

26,980 

24.00 

63,200 

1.30 

8,200 

5.90 

16, 

940 

'     10.50 

27, 210 

25.00 

65, 950 

1.40 

8,340 

6.00 

17, 

160 

10.60 

27,440 

'     26.00 

68,700 

1.50 

8,480 

6.10 

17, 

380 

10.70 

27,670 

27.00 

71,450 

1.60 

8,620 

6.20 

17, 

600 

1     10.80 

27,900 

'     28.00 

74,200 

1.70 

8,770 

6.30 

17, 

820 

,     10.90 

28,130 

29.00 

76, 950 

1.80 

8,920 

6.40 

18, 

040 

1     11.00 

28,360 

1    30.00 

79,700 

1.90 

9,070 

6.50 

18, 

260 

1     11.10 

28,590 

31.00 

82,450 

2.00 

9,230 

6.60 

18, 

480 

11.20 

28,820 

!     32.00 

85,200 

2.10 

9,390  . 

6.70 

18, 

7(K) 

11.30 

29,050 

33.00 

87,950 

2.20 

9,550 

6.80 

18, 

.920 

11.40 

29,280 

34.00 
■    35.00 

90,700 

?.30 

9,710 

6.90 

19, 

,140 

11.50 

29,510 

93, 450 

2.40 

9,880 

7.00 

19, 

,360 

1     11.60 

29,740 

36.00 

96,200 

2.50 

10,050 

7.10 

19, 

,580 

11.70 

29,970 

37. 00 

98, 950 

2.60 

10,220 

7.20 

19, 

800 

11.80 

30,200 

,   rw.oo 

101,700     1 

2.70 

10,400 

7.30 

20, 

,020 

11.90 

30, 430 

39.00 

104,450 

2.80 

10,590 

7.40 

20, 

240 

1     12.00 

30,660 

40.00 

107,200     1 

2.90 

10,780 

7.50 

1 

20, 

460 

12.10 

30,900 

41.00 

109,950     ' 

3.00 

10, 970 

1      7.60 

20, 

680 

12.20 

31, 140 

,     42.00 

112,  700 

3.10 

11,170 

7.70 

20, 

900 

12.30 

31,380 

43.00 

115,450 

3.20 

11,370 

7.80 

21, 

120 

12.40 

31,620 

44.00 

118,200     1 

3.30 

11,570 

7.90 

21, 

340 

12.50 

31,800 

45.00 

120,950     . 

3.40 

11,770 

8.00 

21, 

,560 

12.60 

32,110 

;     46.00 

123,  700 

3.50 

11,970  ' 

'      8.10 

21 

780 

12.70 

•    32,360 

;     47.00 

126,450 

3.60 

12, 170 

8.20 

22, 

,000 

12.80 

32, 610 

.     48.00 

129,200 

3.70 

12,360 

8.30 

22, 

,220 

12.90 

32,860 

49.00 

131, 950 

3.80 

12, 570 

8.40 

22, 

,440 

13.00 

33,110 

,     50.00 

134,700 

3.90 

12, 770 

'      8.50 

22. 

,660 

13. 10 

:i3,  370 

51.00 

137, 450 

4.00 

12, 970 

8.60 

22 

,880 

13.20 

33, 630 

1 

4.10 

13, 170 

,      8.70 

23 

,100 

13.30 

:i3,890 

, 

4.20 

13,370 

8.80 

23 

,320 

13.40 

34, 150 
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Estimated  monthly  discharge  of  AlalMma  River  at  Sdma. 
[Drainage  area,  13,500  square  miles.] 


Month. 


Discharge  In  second-f^t. 


Maximum. 


March 

April : . 

May 

June 

July 

August 

September . . 

October 

November . . 
December  .v 


1900. 

January 50 

February i     128 

89 
109 
41 
94 
93 
38 
52 
35 
46 
48' 


The  year  . . . 

1901. 
January  


107 


February 95 


March. 
April . . 
May.. 
June  . 
Julv  .. 


92 
104 
59 
53 
21 


August : !  66 

September  46 

October ! '21 

November 8 

December 94 


The  year 


107 


110 
540 
478 
960 
864 
000 
468 
140 
504 
480 
120 
780 


300 
862 
670 
640 
420 
568 
318 
868 
120 
914 
750 
000 

300 


Minimum. 


9 

10 
37 
21 
13 
12 
12 
9 

I 

7 
7 
8 


22 
30 

21 

32 

10 

7 

t 

9 
10 

7 
7 
8 


676 
920 
874 
648 
668 
220 
660 
124 
189 
097 
596 
750 


097 


446 
692 
382 
288 
120 
818 
596 
532 
428 
931 
931 
511 

596 


Mean. 


26,495 
63,763 
58, 272 
60,909 
21,090 
35,288 
33,964 
14,156 
17,366 
14, 492 
18,506 
28,989 

33, 772 


Run-off. 


Second-feet  T\^^tv>  i^ 
P^'„"a—   Wei" 


61,213 
55,037 
39,017 
73,048 
26,966 
26,030 
13,536 
30,853 
19, 394 
11,022 
8,266 
26,638 

32,585 


1.96 
4.72 
4.32 
4.51 
1.56 
2.61 
2.52 
1.05 
1.29 
1.07 
1.37 
2.15 


2.34 


4.53 
4.08 
2.89 
5.41 
2.00 
1.93 
1.00 
2.29 
1.44 
.82 
.61 
1.97 

2.47 


2.26 
4.91 
4.98 
5.03 
1.80 
2.91 
2.90 
1.21 
1.44 
1.23 
1.53 
2.4H 

32.68 

5.22 
4.25 
3.33 
6.(M 
2.31 
2.15 
1.15 
2.64 
1.61 
.95 
.68 
2.27 

32.60 
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EstimaUd  monthly  diacharffe  of  Alabama  River  at  Selfna — Continued. 


Month. 


1902. 


January . . . 
February . 

March 

April 

May 

June 

Joly 

Angnst 

September 
October  ... 
November 


Dischaige  in  second-feet. 


Maximum. 


124,856 
101, 714 
130, 974 
135, 762 
26,170 
11,820 
9,392 
8,160 
11,448 
16,860 
21,116 
December '      68,996 


The  year 


1903. 


Janoary . . . 
February . . 

March 

April 

May 

Jane 

July- 

August 

September. 
October  . . . 
November , 
December  . 


135, 762 


The  year 


33,100 

136,350 

114,900 

83,560 

83,000 

43,950 

26,060 

20,900 

10,050 

7,282 

7,920 

11,170 


Minimum. 


18,920 

41,200 

25,600 

18,040 

16,950 

11,970 

8,480 

6,580 

6,262 

6,364 

6,922 


6,262 


Mean. 


18,190 

52,655 

31,756 

54,898 

51,972 

90,404 

23, 510 

62, 017 

11,448 

18,859 

8,393 

9,682 

7,009 

7,897 

6,470 

7.176 

6,520 

7, 871 

6,635 

10,184 

6,845 

9,557 

11,448 

33,122 

6,470 

30,360 

15,450 

23,039 

Second- feet  n<»«ni  <« 


Rnn-off. 


90,958 

78, 139 

53,852 

33,338 

27,142 

18, 122 

14,205 

7,781 

6,835 

7,310 

7,801  ! 


3.42 
3.56 
5.87 
4.03  j 
1.22 

.63 

.51 

.47 

.51 

.  66 

.62 
2.15 


1.97 


I 


3.94 

3.71 

6.77 

4.49 

1.41 

.70 

.59 

.54 

.57 

.76 

.69 

2.48 

26.65 


30,710 


1.50 

1.73 

5.91 

6.15 

5.07 

5.86 

3.50 

3.90 

2.16 

2.49 

1.76 

1.96 

1.18 

1.36 

.92 

1.06 

.51 

.57 

.44 

.51 

.47 

.52 

.51 

.59 

1.99 

26.69 
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[no.  107. 


Xet  horsepmver  j}er  foot  of  faU  with  a  turbine  efficiency  of  80  per  cent  for  the  mimmttm 

monthly  discharge  of  Alabama  Bii^r  at  Selma. 


1899. 


Month. 


January  .. 
February  . 

March 

April 

May 

June 

Ji^' 

AT^ust 

iSeptember 
October . . . 
November 
December . 


Mlni- 
,  mum  dis- 
charge. 


Sec.-/l. 

16,  328 

29,628 

37,  874 

27,760 

12,220 

8,045 

7,184 

9,532 

5,800 

5,400 

5,700 

7,931 


Mini-    !r,„« 
mum  net  h7.«  " 
horse-     ^*^f 

of  fall. 


mum. 


1,484 
2,693 
3,443 
2,524 
1,111 
731 
653. 
867 
527  1 
491  I 
518  ! 
721  , 


Days. 
1 
1 
1 
1 
1 
2 
2 
3 
2 
1 
3 
2 


Mini- 
mum dis- 
charge. 


Sec. -ft. 

9,676 

10, 920 

37, 874 

21,648 

13,668 

12,220 

12,660 

9,124 

7,189 

7,100 

7,596 

8,750 


1900. 

Dura- 
tion 
of 
mini- 
mum. 

1901. 

Mini- 
mum net 
horse- 
power 
per  foot 
of  fall. 

Mini- 
mum dis- 
charge. 

Mini- 
mum net 
horse- 
power 
per  foot 
of  fall. 

1 

Dura- 
tion 
of 
mini- 
mum. 

Days. 

Sec.'Jl. 

Dayif. 

880 

2 

22,446 

2,041             1 

993 

1 

30,692 

2,790            1 

3,443 

2 

21,382 

1,944 

1 

1,968 

1 

32,288 

2,935 

1 

1,243 

1 

10,120 

920 

2 

1,111 

2 

7,818 

711 

*> 

1,151 

1 

7,596 

691 

1 

829 

1 

9, 532 

867 

2 

653 

1 

10, 428 

948 

1 

645 

1 

7,931 

721 

2 

691 

7,931 

721 

3 

795 

1 

8,511 

774 

2 

CAHABA  RIVER  AND  TRIBUTARIES. 

CAHABA  RIVER  AT  CENTERVILLE. 

This  station  is  at  the  Bibb  County  highway  bridge,  one-fourth  of  a 
mile  west  of  the  court-house  at  Centerville.  The  bridge  is  a  single- 
span  iron  through  bridge.  The  length  of  the  span  is  about  175  feet. 
The  floor  of  the  bridge  is  41i  feet  above  low  water,  and  the  stream  is 
130  feet  wide  at  low  water. 

The  initial  point  of  sounding  is  at  the  end  of  the  iron  bridge,  left 
bank,  downstream.  The  gage  is  of  wire,  with  rod  fastened  to  the 
outside  of  the  downstream  guard  rail,  and  graded  to  feet  and  tenths. 
The  gage  pulley  is  at  station  100.  Bench  mark  No.  1,  at  the  down- 
stream end  of  the  top  of  the  iron  crossbeam  under  the  bridge  floor  at 
station  100  from  initial  point,  is  42.85  above  gage  datum.  Bench  mark 
No.  2,  at  the  top  of  the  bottom  flange  of  the  same  crossbeam,  directly 
under  bench  mark  No.  1,  is  41.40  above  datum  of  gage.  The  banks 
are  high  but  overflow  at  time  of  high  watt^r.  The  section  is  swift 
and  tolerably  uniform,  and  the  bottom  appears  to  be  rock. 

The  river  observer  is  Mr.  Clyde  Lowrey,  who  lives  about  a  third  of 
ii  mile  from  the  gage. 


HA  IX.] 


OAHABA    RIVER   AND  TRIBUTARIES. 


119 


The  following  discharge  measurements  have  been  made  on  Cahaba 
River  at  Centerville  by  M.  R.  Hall  and  others: 

Ducharffe  measuremenis  of  Cahaba  River  at  CentervUU. 


Date. 

Gage 
height 

1) 

Diachaige. 

Date. 

Gage 
height. 

Diflchaige. 

1901. 
April  25 

Feet. 
5.50 
1.30 

Second'feei. 

1,925 

399 

1,707 
2,823   i 

251  1 

I' 

1,637   ! 
2,225   ' 

June 
June 
July : 
July: 

1903. 
17 

1 

reel, 
2.05 

SrrojK 

d-feet. 
416 

Aoffust  7 

18 

2.00 

394 

1902. 
January  25 

20 

3.23 

757 

5.15 

n 

— 

2.36 

516 

April  7 

8.60 

September  28  . . . 

1.31 

212 

July  9 

1903. 

Aprils 

April9 

n    j/\ 

September 
November  \ 
November  1 

29  ... 

1.30 

218 

2.40 

5.15 
6.65 

) 

10.... 

1.32 
1.40 

203 
223 

DaUy  gage  heigh 

it,  infeety  of  Cahaba  Rivei 

*  at  Center 

riUe. 
;>t.     Oct. 

Day. 

Jan. 

1 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

8e] 

Nov. 

Dec. 

1901. 
1 

1 

1 

1 

1      2.2 
2.0 
1.9 

1      1.8 
1.6 
1.6 

1      1.4 
1.4 
1.4 
1.4 
1.3 
1.3 

2.1 
2.0 
1.8 
1.4 
2.3 
4.6 
3.1 
2.6 
2.3 
1.9 
1.6 
1.4  1 

1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.3 
1.4 
1.3 
1.3 
1.3 
1.3 
1.3 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 

1  4 

■> 

1 

1.8 

3:::::::::::::::: :::: 

1 

1  6 

4 

:::::::::::::  ::::j::::: 



1.9 

5 

"            . 1 

1 

1.8 

6 ' 

1 

1.6 

7 

1 ' 

1 

1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.8 
1.6 
2.1 
7.9 

1.7 

H 

!               1 

1  6 

9 

1.7 

10 

1 

2.1 

11 

:::::::. ::::::l. :::::::::::: 

2.0 

12 



1.8 

13 

1.3         14 

1.9 

14 

■ 1 1 ■  ■ 

2.6 
2.4 

1.4 
1.3 

2.9 

15 

19.0 

16 

1    .  '  1  ..  ■ 

2.0         1-3 

15.0 

17 

! 

' 

7.7 
8.1 
9.1 
10.6 
14.7 
10.3 
7.9 
6.6 
4.8 
4.1 
3.9 
3.4 
3.0 
2.8  , 
2.5 

2.1 
2.6 
3.9 
4.1 

1.3 
1.3 
1.3 
i.a 

12.3 

W 

i 

4.4 

19 

, 

3.6 

20 ' 

:: i:: i ; 

3.1 

21 

2.0  ,      1.3 
1.9         1.3 
1.8  1      1.3 
1.6  1      1.2 
1,5         1-2 

2.9 

22 

1 ' 



2.6 

23 

-  -1 1 -  - 

2.5 

24 

::::'. 

2.6 

25 

1 

2.7 

215 1 

.......I....... ....... 

1.4 
1.4 

1.2  1 

1.2  1 

2.7 

27 

1 

2.7 

28 1 1 

1 

1.4         1.2  1 
2.6         1.3, 
2.2         1-.^  ' 

6.0 

29 ' 

24.0 

i 

24.0 

31 

1 

1.3 

21.0 

— 



-     _ 

_      _   1 
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Daily  gage  heightf  infeetf  of  Cahaba  River  at  CeniervUle — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

1 

1 

13.6 
9.0 
6.9 
6.7 
4.9 
4.6 
4.1 
3.9 
8.7 
8.4 
3.2 
3.0 
2.9 
2.7 
2.6 
2.4 
2.3 

16.8 

24.6 

21.2 

16.6 

10.6 

8.3 

7.3 

6.7 

5.8 

6.4 

5.1 

4.8 

4.3 

6.7 

5.9 

6.3 

5.6 

24.0 

18.2 

13.3 

9.8 

12.0 

12.1 

8.7 

8.3 

7.9 

7.6 

6.3 

6.1 

6.9 

6.2 

6.2 

22.3 

22.2 

15.4 

12.1 

11.4 

10.9 

10.4 

8.6 

8.2 

13.6 

12.2 

9.6 

8.0 

7.2 

6.9 

6.5 

6.1 

5.6 

5.9 

4.9 
4.6 
4.0 
3.7 
3.6 
3.6 
3.6 
3.5 
3.4 
3.4 
3.8 
3.3 
8.4 
3.6 
4.1 
8.4 
8.4 

2.8 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.4 
2.8 
2.8 
2.4 
2.4 
2.8 
2.3 
2.3 
2.3 
2.3 

2.3 
2.8 
2.2 
2,2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.5 
2.9 
8.5 
8.3 
8.2 
2.6 
2.4 
2.2 

2.2 
2.8 
2.5 
2.5 
2.4 
2.4 
2.3 
2.3 
2.8 
2.8 
2.8 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 

-2.3 
2.8 
3.3 
3.2 
2.9 
2.4 
2.3 
2.3 
2.2 
2.2 
2.2 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 

2.4 
2.6 
2.6 
2.5 
2.4 
2.2 
2.2 
2.2 
2.7 
2.8 
10.8 
7.1 
6.4 
3.4 
8.2 
3.0 
2.9 

2.0 

2.0 

2.0 

2.0 

2.0, 

2.0 

2.9 

2.4  1 

2.4 

2.8 

2.3 

2.2 

2.2 

2.2 

2.1 

2.2 

2.2 

3.0 

2 

2.5 

3 

2.9 

4 

3.1 

5 

5.6 

6 

5.1 

7 

4.9 

8 

4-2 

9 

3.9 

10 

3.6 

11 

8.2 

12 

3.0 

13 

S.0 

14 

3.0 

15 

3.9 

16 

15.3 

17 

13.6 

18 

8.1 
3.6 
3.9 
4.6 
6.9 
6.8 
6.1 
6.0 
4.9 
6.2 

5.3 
4.9 
4.8 
6.1 
5.1 
5.0 
6.1 
6.9 
6.5 
8.1 

17.8 

11.1 

8.6 

8.9 

9.1 

7.3 

7.8 

13.6 

11.9 

28.8 

5.7 
5.6 
6.2 
4.9 
4.6 
4.6 
,4.5 
4.4 
4.3 
4.2 

6.3 
4.8 
4.2 
4.2 
3.9 
3.6 
3.6 
3.3 
3.2 
3.0 

2.2 
2.8 
2.6 
2.4 
2.6 
2.6 
2.4 
2.4 
2.4 
2.4 

2.2 
2.2 
2.8 
2.4 
2.3 
2.2 
2.2 
2.2 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.2 

2.0 
2.0 
2.1 
2.1 
2.0 
2,0 
2.0 
2.0 
2.0 
2.1 

2.9 
2.6 
2.5 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
2.1 

2.3 
2.4 
2.2 
2,2 
2.2 
2.2 
2.2 
2.2 
2.9 
3.4 

12.7 

19 

9.9 

20 

7.5 

21 

6.3 

22 

7.8 

23 

H.2 

s 

10.3 

25 

7.3 

26 

6.5 

27 

5.1 

28 

7.0 

27.6 

35.0 

4.1 

2.9 

2.3 

2.1 

2.8 

2,3 

2.0 

4,2 

4.9 

29 

8.3 

8.1 

11.6 

29.2 
26.2 
24.0 

4.3 
4.9 

2.8 
2.8 
2.9 

2.3 
2.8 

2.1 
2.2 
2.2 

2.5 
2.6 
2.5 

2.2 
3.0 

2.0 
2.0 
2.0 

3,6 
3.2 

4.5 

80 

4.1 

31 

4.9 

1903. 

1 

6.9 

5.8 

23.8 

8.2 

3.0 

2.8 

2.4 

4.8 

1.5 

1.3 

1,6 

1.4 

2 

6.4 

4.9 

18.1 

7.0 

8.1 

2.7 

,2.2 

6.1 

1.6 

1.2 

1,6 

1.4 

3 

7.7 

6.4 

12.6 

6.3 

3.0 

2.7 

2.1 

4.6 

1.5 

1.2 

1.6 

1.4 

4 

7.4 
6.1 
5.6 
4.9 
4.6 

8.8 
12.9 
12.0 
20.6 
31.6 

12.0 
13.3 
11.1 
9.8 
12.3 

5.8 
5.1 
4.9 
4.7 

4,7 

2.9 
2.8 
2.7 
2.8 
3.1 

2.8 
2.9 
2.9 
8,1 
3.2 

2.1 
2.0 
1.9 
3.6 
3.4 

3.0 
2.9 
2.4 
2.8 
2.9 

1.6 
1.6 
1.6 
1.6 
1.4 

1.8 
1.3 
1.8 
1.3 
2.8 

1,6 
1.5 
1.5 
1.4 
1.4 

1.4 

5.: 

1,4 

6 

1.5 

7 

1.6 

.H 

1.6 

9 

4.3 

26.8 

15.1 

6.6 

3.0 

8.4 

2.8 

2.8 

1.4 

2,1 

1,3 

1,5 

10 

4.1 

20.5 

12.4 

6.3 

2.8 

2.8 

2.9 

8.7 

1.4 

1.8 

1.3 

1.5 

11 

10.6 

22.0 

16.3 

5.6 

2.7 

2.9 

2.8 

2.1 

1.4 

1.6 

1.4 

1.5 

12 

14.7 

20.5 

15.8 

5.2 

3.8 

2.8 

2.9 

1.9 

1.4 

1.6 

1.6 

1.5 

13 

11.3 

16.9 

15.2 

4.6 

6.0 

2.5 

2.8 

1.9 

1.4 

1,6 

1.7 

1,5 

14 

7.9 

11.7 

14.6 

5.8 

12.9 

2.4 

2.8 

1.8 

1.6 

1.6 

1.6 

1.6 

15 

6.5 

9.6 

13.9 

5.7 

17.8 

2.3 

2.3 

2.7 

1.7 

1,4 

1.5 

1.6 

1«> 

.5.H 

22.9 

12.2 

4.8 

17.7 

2.2 

2.1 

8.6 

.  1.7 

1.4 

1.3 

1.6 

17 

5.3 

26.4 

10.9 

4.4 

9.4 

2.1 

2.0 

5.1 

1.6 

1.4 

1.3 

1.6 

18 

4.9 

24. 5 

8.2 

4.2 

7.2 

2.0 

2.0 

4.7 

1.6 

1.4 

1.3 

1.5 

19 

4.6 

16.6 

7.3 

4.0 

5.8 

2.0 

2.8 

3.8 

1.6 

1.8 

1.4 

1.5 

20 

4.3 
4.2 
4.0 
3.9 

3.8 
4.0 
3.8 

12.4 
9.9 
8.1 
7.3 
6.7 
5.8 
5.2 

6.H 
6.3 
7.0 
6.8 
6.3 
5.9 
5.4 

3.9 
5.5 
6.1 
4.3 
3.9 
3.7 
3.6 

4.9 
'4.4 
4.0 
3.7 
3.5 
3.2 
3.1 

1.9 
1.9 
2.7 
8.4 
2.6 
2.8 
2.9 

8.8 
2.8 
1.9 
1.7 
1.6 
2.4 
1.7 

3.4 
2.7 
2,4 
2.2 
2,1 
2.0 
1.9 

1.5 
1.6 
1.6 
1.5 
1.6 
1.6 
1.6 

1.3 
1.3 
1.3 
1.3 
1.3 
1.8 
1.3 

1.4 
1.4 
1.3 
1.3 
1.4 
1.4 
1.4 

1.5 

21 

1.5 

22 

1.6 

23 

1.6 

24 

1.6 

25 

1.7 

26 

2.0 

27 

3.8 
6.0 

5.9 
27.2 

5.1 
5.1 

3.5 
3.3 

3.0 
2.9 

3.4 
3.3 

1.7 
1.6 

1.8 
1.8 

1.5 
1.4 

1.3 
1.3 

1.4 
1.4 

1.9 

2H 

1.7 

29 

6.4 

6.3 

3.2 

2.8 

8.1 

1.6 

1.6 

1.3 

1.3 

1.4 

1.5 

30 

6.2 

7.7 

8.0 

2.7 

2.6 

1.5 

1.5 

1.3 

1.3 

1.4 

1.5 

31 

5.9 

9.2 

2.9 

5.7 

1.5 

1.3 

1.5 

1.5 
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Rating  table  for  Cahaba  River  at  OnlerrilUfor  1001, 


height. 

DiKharge. 
Seftmd-ffrt. 

Qage 
height. 

FM. 

Dischaige. 

Setond-feei. 

height. 

Fert. 

Diaohaige. 

S^etmd'ffft. 

height. 
Ftrt, 

Dim>harge. 

Fert, 

Srcimd'/rit. 

1.1 

326     1 

1 

4.9 

1,694 

8.7 

3,062 

12.5 

4, 4:)0 

1.2 

362 

5.0 

1,730 

8.8 

3,098 

12.6 

4,466 

1.3 

398 

5.1 

1,766 

.  8.9 

3,134    , 

12.7    . 

4,502 

1.4 

434 

5.2 

1,802 

9.0 

3,170 

12.8 

1      4,538 

1.5 

470 

5.3 

l,a38 

9.1 

3,206 

12.9 

4,574 

1.6 

506 

5.4 

1,874 

9.2 

3,242    ' 

13.0 

i      4,610 

1.7 

542 

5.5 

1,910 

9.3 

3,278 

13.1 

4,646 

1.8 

578 

5.6 

1,946 

9.4 

3,314     ' 

13.2 

4,682 

1.9 

614 

5.7 

1,982 

9.5 

3,350 

13.3 

4,718 

2.0 

650 

5.8 

2,018 

9.6 

3,386 

13.4 

4,754 

2.1 

686    ' 

5.9 

2,054 

,      ^-7 

3,422     ' 

13. 5 

4,790 

2.2 

722 

6.0 

2,090 

9.8 

3.458 

13.6 

4,826 

2.3 

758 

1 

6.1 

2,126 

9.9 

3,494 

13.7 

4,862 

2.4 

794 

6.2 

2,162 

10.0 

3,530 

13.8 

4,898 

2.5 

830 

6.3 

2,198 

10.1 

3,566 

13.9 

4,934 

2.6 

866 

6.4 

2,234 

10.2 

3,602 

14.0 

4,970 

2.7 

902 

6.5 

2,270 

:     10.3 

3, 6:W 

14.1 

5,006 

0 

2.8 

938 

_6.6 

2,306 

1     10.4 

3,674 

14.2 

5,042 

2.9 

974 

6.7 

2,342 

10.5 

3,710 

14.3 

5,078 

3.0 

1,010 

6.8 

2,378 

10.6 

3,746 

14.4 

5,114 

3.1 

1,046 

6.9 

2,414 

10.7 

3,782 

14.5 

5, 150 

3.2 

1,082 

7.0 

2,450 

10.8 

3, 818 

14.6 

5,186 

3.3 

1,118 

7.1 

2,486 

10.9 

3,856 

14.7 

5,222 

3.4 

1,154 

7.2 

2,522 

11. 0 

1 

3,890 

14.8 

5,  258 

3.5 

1,190    1 

7.3 

2,558 

11.1 

3,926    j 

14.9 

5,294 

3.6 

1,226 

1      7.4 

2,594 

11.2 

3,962 

15.0 

5,330 

3.7 

1,262 

7.5 

2,630 

11.3 

3,,998 

15.1 

5,366 

3.8 

1,298 

7.6 

3, 666 

11.4 

4,034 

15.2 

5,402 

3.9 

i,:«4 

7.7 

2,702 

11.5 

4,070 

15.3 

5, 438 

4.0 

1,370 

7.8 

2,738 

11.6 

4,106 

15.4 

5, 474 

4.1 

1,406 

7.9 

2,774 

11.7 

4,142 

15.5 

5, 510 

4.2 

1,442 

1      8.0 

2,810 

n.8 

4,178 

15.6 

5,546 

4.3 

1,478 

8.1 

2,846 

'     11.9 

4,214 

15.7 

5, 582 

4.4 

1,514 

8.2 

2,882 

1     12.0 

4,250    ; 

15.8 

5, 618 

4.5 

1,550 

1      8.3 

2,918 

12.1 

4,286     1 

15.9 

5,654 

4.6 

1,586 

8.4 

2,954 

12.2 

4,322 

16.0 

5,690 

4.7 

1 

1,622 

8.5 

2,996 

12.3 

4,358 
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Rating  table  far  Cahaba  River  at  CenlervilUfor  190iS. 


Dischaige. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Second-feet. 

'  Feet. 

1 

1      Feet. 

1.0 

245 

4.6 

1,510 

11.5 

1.2 

320 

4.8 

1,580 

12.0 

1.4 

390 

5.0 

1,650 

12.5 

1.6 

460 

5.2 

1,720 

13.0 

1.8 

530 

5.4 

1,790 

13.5 

1 

2.0 

600 

5.6 

1,860 

,     14.0 

2.2 

670 

'      5.8 

1,930 

14.5 

2.4 

740 

6.0 

2,000 

1     15.0 

2.6 

810 

6.5 

2, 175 

15.5 

2.8 

880 

7.0 

2,350 

16.0 

3.0 

950 

7.5 

2,525 

16.5 

!      3.2 

1,020 

1      8.0 

2,700 

17.0 

1      3.4 

1,090 

8.5 

2,875 

17.5 

3.6 

1,160 

1      9.0 

3, 050 

18.0 

!      3.8 

1 

1,230 

9.5 

3,225 

18.5 

!   ^-^ 

1,300 

10.0 

3,400     ! 

'     19.0 

4.2 

1,370 

10.5 

1 

3,575     ! 

19.5 

4.4 

*    1,440 

1     11.0 

3,750 

20.0 

Sewndrfeet. 
3,925 
4,100 
4,275 
4,450 
4,625 
4,800 
4,975 
5,150 
5, 325 
5,500 
5,675 
5,850 
6,025 
6,200 
6,375 
6,550 
6,725 
6,900 


Diflcharge.  ■ 


Feet. 
20.5 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
36.0 


Secondrfeet. 

7,075 

7,250 

7,600 

7,950 

8,300 

8,650 

9,000 

9,350 

9,700 

10,050 

10,400 

10,750 

11,100 

11,450 

11,800 

12,150 
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Rating  table  for  Cahaba  Jiiver  at  CenttrrUU  for  190.'i. 


DischaiKe. 

1 

GaKt* 
height. 

« 
DischaiKe- 

(laffe 
belKnt. 

fbrt. 

1  DiM-haiKi'-  1 
Second-feet. 

hei^t. 

DitphiirKt* 

F^. 

Seetjmd-ftet. 

Feet. 

Secwid'/fft. 

Secondr/ert 

1.00 

143 

4.10 

1,195 

7.20 

2,435 

13.00 

4,  755 

1.10 

163 

4.20 

,235 

7.30 

2. 475 

13.30 

4,  875 

1.20 

184 

4.30 

^ 

,275 

7.40 

2, 515 

13.90 

5, 1 15 

1.30 

206 

4.40 

,315 

7.50 

2, 555 

14.00 

5, 155 

1.40 

229 

4.50 

. 

,355 

7.60 

2,595 

14.60 

5,295 

1.50 

253 

4.60 

] 

,395 

7.70 

1        2,636  1 

14.70 

5, 435 

;     1.60 

279  ' 

4.70 

,435 

7.80 

2, 675 

15.00 

5,556 

'       1.70 

306 

4.80 

,475  1 

7.90 

2, 715 

15.10 

5, 595 

1.80 

335 

4.90 

1 

,515  1 

8.00 

2,755  1 

15.20 

5,635 

1.90 

365  ' 

5.00 

1 

,555 

H.IO 

2,795 

15.80 

5, 875 

2.00 

397 

5.10 

,595  1 

8.20 

2,835 

16.00 

5,  959 

2.10 

430 

5.20 

,635 

8.30 

2,875 

16.30 

6, 075 

2.20 

463 

5.30 

,675 

•      8.80 

3,075  ' 

16.60 

6,195 

1       2.30 

497 

5.40 

,715 

9.00 

3, 155 

16.90 

6, 315 

2.40 

532 

5.50 

,755 

9.20 

3,235 

18.00 

6,  755 

2.50 

568  1 

5.60 

,795 

9.60 

3,395 

18.10 

6,  795 

2.60 

604  ' 

5.70 

,8:^5 

9.80 

3,475  , 

20.00 

7,  555 

2.70 

640 

5.80 

,875 

9.90 

3,515 

20.50 

7,  755 

2.80 

676  1 

5.90 

,915  , 

10.00 

3,555 

20.60 

7,  795 

2.90 

715 

6.00 

,955  ! 

10.60 

3,7a5  , 

22.00 

8,355 

3.00 

755 

6.10 

,995  , 

10.90 

3, 915 

22.90 

8,715 

3.10 

795 

6.20 

2, 

,035 

11.00 

3, 955 

23.00 

8,  755 

3.20 

835 

6.30 

2, 

,075  1 

11,10 

3,995 

23.  80 

9,  075 

3.30 

875 

1 

6.40 

2. 

,115 

11.30 

4, 075 

24.00 

9,  155 

3.40 

915  1 

6.50 

2, 

,155 

11.70 

4,235 

24.50 

9,  ;i55 

3.50 

955 

6.60 

2, 

195 

12.00 

4,:^55 

26.00 

9,  955 

3.60 

995 

6.70 

2, 

,235 

12.20 

4,435 

26.40 

10, 155 

3.70 

1,035 

6.80 

2, 

,275 

12.30 

4,475  ' 

26.80 

10,275 

3.80 

1,075  1 

6.90 

% 

,315 

12.40 

4,515  , 

31.00 

11,955 

J3.90 

1,115 

7.00 

2 

,355  1 

12.60 

4, 595 

31.60 

12, 195 

4.00 

1,155  1 

7.10 

2, 

395 

12.90 

4,715 
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Eslimaled  monthly  discharge  of  Cahaba  River  at  Centermlle. 
[Drainage  area,  1,040  square  milefi.] 


Month. 


1902. 

January 

February 

— 

March «. 

April 

May 

June 

July 

August 

September 

October 

Noyember 

December 

The  year  . . 

1903. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . . 


Discharge  in  second-feet. 


Maximum. 


4,660 
9,560 
12, 150 
5,290 
2,840 

880 
1,125 

880 
1,055 
3,680 
1,370 
5,255 

12, 150 


Minimum. 


705 

1,405 

1,720 

1,335 

880 

670 

635 

635 

600 

600 

600 

775 


Mean. 


600 


Run-off. 


Seoond- 

feetper 

square 

xnile. 


Depth  in 
inches. 


1,739 

2,955 

4,799 

2,464 

1,282 

749 

730 

690 

689 

939 

746  i 

1,974 

1,646 


1.67 

1.93 

"2.84 

2.96 

4.61 

5.31 

2.37 

2.64 

1.23 

1.42 

.72 

.80 

.70 

.81 

.66 

.76 

.66 

.74 

.90 

1.04 

.72 

.80 

1.90 

2.19 

1.58 

21.  -.0 

5,435 

1,075 

1,940 

1.87 

2.16 

12,195 

1,515 

5, 412 

5.20 

6.41 

9,075 

1,595 

3,849 

3.70 

4.27 

2,835 

755 

1,514 

1.46 

1.63 

6, 675 

640 

1,518 

1.44 

1.68 

915 

365 

648 

.62 

.69 

1,835 

253 

560 

.54 

.62 

1,995 

253 

721 

.69 

.80 

306 

206 

252 

.24 

.L7 

676 

184 

243 

.23 

.27 

306 

206 

237 

.23 

.  .26 

397 

229 

1 

268 

.26 

.30 

12,195 

184 

1,430 

1.38 

18.36 
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Xel  horsepower  per  foot  of  fall  %rUh  a  turbine  efficiency  of  80  per  cent  for  the  minimum 

monthly  discharge  of  Cahf^  River  at  CenlervUU, 


Montta. 


IWl. 


Minimum 
dischaiKe. 


Mini-  ' 

power  I  ^^• 
of  fall. 


Minlmom 
diflcbarge. 


See.-JL 


Januarv  . 
February 
March... 

April 

May 


June 

Julv 

August 

September 

October 

Nov«nber 
December. 


362 
398 
362 
326 
398 


33 
36' 
33  ' 
30 
36 


1902. 


Mini- 


4 
3 
5 
3 
1 


™*^?     Du». 

hSSL    ttonof 
none-        j  j_ 

power    zrtzL 

iperfoot  ™"°^- 

I  of  fall. 


IMS. 


Mini- 

I  mum 

Minimum    k"*V 
dlBchaiKe.  ^5J; 

'  Iperfoot 

'  I  of  fall. 


s«.-yi. 

706 

1,406 

1,720 

1,335 

880 

670 

635 

635 

600 

600 

600 

775 


64 
128 
156 
121 

80 

61  I 

I 
58 

58  ' 

55 

55 

55 

70 


Day. 
1 


1 
1 
1 
2 
1 
4 
14 
11 
4 
6 
1 


1,075  ! 
1,515  1 
1,595 
755 
640 
365 
253 
263 
206 
184 
206 

229 ; 


98 
138 
145 
69 
58 
33 
23 
23 
19 
17 
19 
21 


Dura- 
tion of 
mini- 
mum. 


Day; 


3 
1 
2 
1 
2 
2 
1 
2 
3 
2 
7 
5 


126 


WATER   POWERS    OF    ALABAMA. 


[NO.  107. 


WATER  POWERS  ON  CAHABA  RIVER. 

Cababa  River  rises  near  Birmingham,  and,  flowing  in  a  southerly 
direction,  enters  Alabama  River  just  below  Selma. 

The  Corps  of  Engineers,  United  States  Army,  made  a  survey  of  this 
stream,  beginning  at  the  southwestern  boundary  of  Shelby  County, 


R.9. 

T.21. 


T.22. 


R.8. 


T.24. 


T.23. 


T.22. 


T.21. 


Baker  Cr.^ 
JERIC 

Legroan  Cr. 


T.20. 


T.19. 


T.18. 


T.I  7. 


T.16. 


A  aunee  Cr, 
'mueGti  ih  O.* 


R*4«  n.3. 

5/lacfe  Cr. 

Daly  (V. 


MARION 


Rice  i  r. 


T.15. 
R.6.   ^    R.7. 


IS  mile* 


B.  8.  ^  N.  O.  RY 


COUNTY  LINE 


R.11. 


R.12. 


Fig.  7.— Map  of  portion  of  rahaba  River  surveyed  by  Corps  of  Engineers,  United  States  Army. 

and  running  down  the  river  110  miles  to  its  mouth,  in  which  distance 
there  is  a  fall  of  i^5H  feet.  The  level  notes  of  this  survey  are  given  on 
the  following  pages.  The  map  (fig.  7)  shows  the  location  of  point:? 
referred  to. 
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E3^f?aHons  of  water  surface  of  Cahaba  River  in  Alabama  from  its  moidh  up  to  the  lit%e  of 

Shelby  County. 


[Survey  by  United  States  Engineer  Corps  in  1874.] 


instance 
above 
mouth. 


Location. 


MOes. 
0.0 
13.2 
13.3  ' 
16.0  I 
20.0  ' 

24.6 

I 
25.2 

41.8 

42.0 

I 

44.0 
44.3 
46.7 
49.0 
49.5 
50.0 
53.0 
53.8 
55.1 
55.3 
55.7 
5o.  8 
57.0 
58.1 
61.6 
63.2 
65.3 
65.7 
67.6 
67.7 
69.2 
70.2 
74.8 
75.5 
81.6 
82.6 


Alabama  River  at  mouth  of  Cahaba 

Below  Tallva  Defeat  Island 

Alx)ve  Tallys  Defeat  Island 

Foot  of  Log  Creek  Shoals 

Head  of  Log  Creek  Shoals 

Line  between  Dallas  and  Perry  eountiefl 

Mouth  of  Oakmulgee  Creek 

Fikee  Ferry 

Mouth  of  Waters  Cieek 


Shoal. 


.do 
do 


Foot  of  Burras  Island  Shoal. 

On  Burras  Island  Shoal 

Head  of  Burras  Island  Shoal 
Shoal 


do 

Blocks  Cut-off 
....do* 


do 

Shoals 

Below  Potato  Creek  Shoals 

Above  Potato  Creek  Shoals 

Below  Jericho  Island 

Above  Jericho  Island *. 

Cluster  of  islands,  mouth  of  Blue  Girth  Creek 

Cluster  of  islands  above  mouth  of  Blue  Girth  Creek 

Below  small  shoal 

Above  small  shoal - 

Small  shoal 

Line  between  Perrj'  and  Bibb  counties 

Foot  of  shoal 

Head  of  shoal 

Foot  of  shoal 

Head  of  shoal 


Elevation 

above 

mean  low 

water  of 

Alabama 

River  at 

mouth. 


0.00 
22.40 
23.66 
25.45 
31.85 
37.50 
38.00 
62.47 
64.15 
67.50 
69.00 
73.62 
77.50 
80.92 
90.11 
92.14 
95.08 
97.90 
98.50 
99.70 

100. 39 
101.82 
107.00 
109.30 
111.20 
113.55 
114.65 
115.50 
116.30 
116.50 
118.00 

123. 40 
125.30 
131.80 
132.  80 
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Eltvations  of  water  surface  of  Cahaba  River  in  Alabama  from  iU  mouth  up  to  the  line  of 

Shelby  County — Continued. 


Distance 

above 

mouth. 


Location. 


Elevation 

above 
,  mean  low 
I   water  of 
I  Alabama 
;  River  at 
I    mouth. 


Miles. 

85.7 

86.7 

86.7 

87.5 

88.4 

90.0 

91.0 

92.0 

92.5 

93.0 

93.2 

94.0 

94.2 

94.5 

94.8 

96.0 

97.1 

97.2  ' 

97.3  . 

97.8 

98.1 

98.5 

99.1 

99.5 

99.6 

99.7 

100.1 

100.6 

101.4 

1 

102.1 

102.7 

102.8 

103.6 

103.7 

104.4 

104.6 

105.7 

Maberrys  Lsland 

Ferry,  Centerville,  Ala.,  below  shoal 

Ferry,  Centerville,  Ala. ,  above  shoal 

Mouth  of  Mill  Creek 

Top  of  Centerville  Shoal  (in  township  23) 

Logans  Ferry,  mouth  of  Schultz  Cre^ 

Crossing  of  range  lines  9  and  10 

East  and  west  line  townships  23  and  24 

Small  shoal 

Mouth  of  Buckhalter  or  Huckleberry  Creek 

Jones  Ferrv 

Point  Lookout 

Mouth  of  Rocky  Creek 

Mouth  of  Palmetto  Creek 

Pratts  Ferry,  in  township  24  N.,  R.  10  E 

Below  Little  Cahaba  Shoals 

Mouth  of  Little  Cahaba  River 

Below  small  shoal 

Above  small  shoal 

Mouth  of  Pratts  Creek 

Mouth  of  Lewus  Branch 

Mouth  of  Coalbed  Branch 

Opposite  Lyman  coal  shaft  at  Lick  Branch 

Below  small  shoal 

Above  small  nhoal 

Mouth  of  Coffee  ('reek ! 

Foot  of  Bailey  Reach  Ra[)id8 

Head  of  Bailey  Reach  Rapids ^ 

Mouth  of  Little  Ugly  Creek 

Mouth  of  Ugly  Creek,  in  township  22  S.,  R.  5  W 

Below  small  shoal 

Above  small  shoal 

Foot  of  Lily  Shoals 

Lily  Shoals  Ford 

Mouth  of  Lick  Creek 

Mouth  of  Bear  Branch 

Mouth  of  Daly  Creek,  east  and  west  line  sections  11  and  14 


133.70 
134.40 
136.40 
139.60 
148.00 
148.00 
149.00 
149.00 
149.88 
151.00 
151.00 
151.90 
152.00 
152. 40 
152. 61 
155.00 
168.00 
158.00 
159. 40 
161.50 
163.00 
172.00 
184.26 
185.20 
189.60 
189.60 
192.00 
204.80 
205.00 
205.00 
205.00 
208.50 
213.00 
216.60 
220.00 
220.00 
221.80 
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Berations  of  wcUer  surface  of  Oahaba  River  in  AUibtnna  from  id  motUh  vp  to  the  line  of 

Shelby  Cou  ntif — C'on tin  ued . 


Distance 

abore 

mouth. 


Location. 


EleTatlon 
above 

mean  low 
water  of 

Alabama 
Rirer  at 
mouth. 


MUet. 

105.8 

106.3 

106.5 

107.0 

107.4 

107.9 

109.2 

110.3 


Above  small  shoal 

Small  shoal 

do 

Foot  of  Long  Island  Shoal \ 

Mouth  of  Cane  Creek 

Head  of  Halfmile  Rapids 

Locke  Ford 

Month  of  Shades  Creek,  Shelby  County  line 


224.50 
226.60 
228.40 
23L30 
243.50 
252.00 
254.00 
255.88 


Mixeilaneous  disrharge  measurements  of  Cakaba  River  and  tributaries. 


Date. 


1901. 
Jan.    28 


stream. 


Mar. 


29 
28 
28 
29 
Apr.    25 

1903. 
Sept.  30 

30 
Nov.   12 

12 
12 

12 


Hawkins  Spring 
Cahaba  River... 
Valley  Creek  ... 
Blocton  Creek . . 
Cahaba  River . . . 
.....do 


East  Cahaba  River 


.do 
.do 
.do 
.do 


' 


.do 


Location. 


Birmingham.. 

Sydenton 

Adgers  Station 

Blocton 

Sydenton 

Harrall 


Near  Bridgeton,  below  Dishazo'  s 
mill. 


do 

Bridgeton 

Bridgeton,  aboveDishazo's  mill. 

Near   Pledger's   mill,    Shelby 
County. 

Near  Leeds 


DJMhaige. 


Second-feet. 

15.8 

549 

378 

107 

1,117 

6,560 

30 

29 
28 
21 
13 


The  foregoing  measurements  give  a  fair  idea  of  the  river  flow  at  all 
seasons.  It  may  be  safely  assumed  that  the  flow  at  different  points 
will  bear  the  same  proportion  to  drainage  area  as  that  at  Centerville. 

In  the  foregoing  level  notes  the  stations  are  1  mile  apart,  and  are 
Dombered  from  zero,  at  the  mouth  of  the  river,  up  to  110,  at  the  Shelby 
County  line.     In  the  following  description  of  powers  that  can  be 
developed  these  mile  stations  will  be  referred  to  as  stations: 
IRB  107—04 9 
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Pmoer  No.  1. — From  the  head  of  "  Halfinile  Rapids,"  at  station  108, 
there  is  a  succession  of  shoals,  known  as  Halfmile,  Ix)ug  Island,  Fish- 
trap,  Ford,  Reach,  and  Dry  Creek  shoals,  in  which  the  aggregate  fall 
is  30  feet  in  2i  miles.  There  is  also  a  fall  of  about  4  feet  from  the 
Shelby  County  line  down  to  the  head  of  Halfmile  Shoal,  making  a 
total  fall  of  34  feet  in  4  miles.  This  can  be  developed  either  by 
building  a  dam  34  feet  high  at  the  mouth  of  Dry  Creek  and  backing 
the  water  to  the  Shelby  County  line,  or  by  building  a  low  dam  near 
the  head  of  the  shoals  and  a  canal  from  it  to  a  point  opposite  the 
mouth  of  Dry  Creek.  Such  a  development  will  give  about  500  net 
horsepower,  with  an  80  per  cent  turbine  at  ordinary  low  season.  This 
power  would  be  near  Blocton. 

Power  No.  2. — By  building  a  15-foot  dam  at  the  head  of  "  Bailey 
Reach  Rapids,"  near  station  101  and  near  the  mouth  of  Ugly  Creek, 
to  back  the  water  to  the  mouth  of  Persimmon  Branch,  near  station  104, 
and  constructing  from  this  point  a  canal  along  the  river  bank  about  4 
miles  long,  to  a  point  opposite  station  97,  at  the  mouth  of  Little  Cahaba 
River,  a  practical  head  of  54  feet  can  be  developed.  This  allows  8 
feet  for  storage  and  gi'ade,  as  the  total  fall  is  62  feet.  A  54-foot  fall 
would  produce  about  800  net  horsepower. 

The  same  power  can  be  developed  by  building  a  high  dam  lower 
down  the  river  and  having  the  canal  shorter;  or  the  power  can  be 
divided  into  two  separate  powers.  This  power  site  is  between  River 
Bend  and  Cadle,  in  Bibb  County. 

Power  No.  3. — From  the  mouth  of  Little  Cahaba  down  to  station 
88i,  at  the  top  of  Centerville  Shoals,  there  is  a  fall  of  10  feet  in  8i  miles, 
and  from  the  top  of  Centerville  Shoals  down  to  the  foot  of  Centerville 
Shoals,  at  Centerville,  there  is  a  fall  of  13.6  feet  in  about  If  miles. 
This  power  can  be  developed  by  a  10-foot  dam  at  top  of  Centerville 
Shoals  and  a  canal  f  rOm  there  to  Centerville,  li  miles  long.  Allowing 
2.6  feet  for  storage  and  canal  grade,  a  head  of  21  feet  can  be  obtained, 
which  will  give  650  net  horsepower. 

It  is  probable  that  a  much  better  method  of  development  will  be  to 
erect  a  dam  at  Centerville  23.6  feet  high  to  back  the  water  to  the  mouth 
of  the  Little  Cahaba.  This  will  produce  732  net  horsepower,  with 
storage.  The  incidental  storage  of  such  a  dam  would  add  largely  to 
the  amount  and  efficiency  of  the  power.  A  plant  running  only  twelve 
hours  a  day  and  storing  the  water  at  night  could  utilize  1,440  net 
horsepower. 

This  power  site  is  at  Centerville,  on  the  Mobile  and  Ohio  Railroad. 

Power  No.  ^. — A  16-foot  dam  can  be  built  at  shoal  No.  9,  station 
69i,  in  Perry  County,  just  below  the  Bibb  County  line.  This  dam 
would  back  the  water  for  12  miles  to  shoal  No.  2,  4i  miles  below 
Centerville.  A  16-foot  head  will  produce  670  horsepower  without 
storage,  or  1,340  horsepower  by  storing  the  water  at  night  and  run- 
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ning  only  twelve  hoars  a  day.  This  dam  site  is  about  17  miles  below 
CVnterville  bv  river. 

Power  No.  5. — A  15-foot  dam  at  '*  Blocks  Cut-oflf/'  near  station  55, 
will  back  the  water  10  miles  to  the  mouth  of  Taylors  Creek,  and  will 
prodace  750  continuous,  or  1,500  twelve-hour  horsepower. 

Power  No.  6. — At  shoal  No.  24,  station  50,  there  is  a  fall  of  9  feet 
in  less  than  half  a  mile.  A  14-foot  dam  at  foot  of  this  shoal,  or  a 
5-foot  dam  at  its  head,  and  a  short  canal  will  develop  a  head  of  14 
feet  and  realize  720  continuous,  or  1,400  twelve-hour  horsepower. 

This  site  is  just  above  Burras  Island,  8  or  10  miles  northeast  of 
Marion,  Ala. 

Power  No,  7. — From  Burras  Island  to  Fikes  Ferry  there  is  a  fall  of 
22  feet  in  a  distance  of  7  miles,  20  feet  of  which  could  probably  te 
utilized  by  a  dam  at  Fikes  Ferry,  producing  1,100  continuous,  or 
2,200  twelve-hour  horsepower.     Fikes  Ferry  is  near  Marion,  Ala. 

In  making  the  above  statement  of  powers  that  can  be  developed,  it 
h&s  been  assumed  that  there  are  suitable  banks  for  dam  ^ites.  The 
system  proposed,  or  some  other  system  approximating  to  it,  would 
not  interfere  with  navigation  improvements,  as  locks  could  be  con- 
stmcted  at  the  dams. 

BliACK  WARRIOR  RIVER  AND  TRIBUTARIES. 

Black  Warrior  River  is  formed  by  the  junction  of  the  Mulberry 
and  Sipsey  forks  of  Black  Warrior  at  old  Warriortown  in  Walker 
County,  and  runs  in  a  southwesterly  direction  past  Tuscaloosa  to 
Demopolis,  Ala.,  at  which  point  it  enters  Tombigbee  River.  Above 
Tuscaloosa  it  is  known  as  Black  Warrior  River  and  below  Tuscaloosa 
as  Warrior  River. 

BLACK  WARRIOR  RIVER  AT  TUSCALOOSA. 

A  gage  at  Tuscaloosa  was  placed  in  position  by  the  United  States 
Corps  of  Engineers  in  1888.  It  is  about  three-fourths  of  a  mile  from 
the  business  center  of  Tuscaloosa,  and  is  reached  by  passing  down 
Bridge  street  to  the  river,  thence  down  the  east  bank  1,800  feet  to  the 
gage.  It  consists  of  an  inclined  timber  2  by  6  inches,  supported  on 
posts  and  graduated  by  means  of  notches  placed  1  foot  vertically  apart. 
The  observer  is  W.  S.  W^yman,  jr.,  Tuscaloosa.  Observations  are 
taken  daily  at  7  a.  m.  The  drainage  area  draining  at  this  point  is 
4,900  square  miles. 

The  bench  marks  are  fixed,  one  on  a  willow  10  feet  west  of  gage, 
97.84  feet  above  Mobile  datum,  the  other  on  a  small  hackberry  30  feet 
south  of  the  upper  end  of  the  gage  and  139.36  feet  above  Mobile 
datum.  The  current  here  is  rather  sluggish,  being  almost  impercepti- 
ble at  low  stages.  Both  banks  are  of  earth  and  subject  to  overflow. 
Observations  of  gage  heights  have  been  obtained  through  the  cour- 
tesy of  Mr.  R.  C.  McCalla,  jr.,  of  the  United  States  engineers  in 
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charge  of  Black  Warrior  River,  from  the  time  the  gage  was  estab- 
lished until  December  31, 1896.  A  measurement  made  by  Mr.  McCalla 
September  14, 1896,  showed  a  gage  height  of  —0.60  foot  area,  1,022 
square  feet;  mean  velocity,  0.16;  discharge,  164  second-feet. 

Measurements  at  the  same  place  have  been  furnished  by  Mr.  Horace 
Harding,  United  States  assistant  engineer.  Velocities  were  obtained 
by  means  of  rod  floats  reaching  from  the  water  surface  to  near  the 
bottom.  The  highest  flood  occurred  on  April  8,  1892.  The  gage 
height  was  62.5,  the  sectional  area  33,600  square  feet,  and  the  esti- 
mated mean  velocity  4.5  feet  per  second.  This  gave  a  discharge  of 
151,200  second-feet.  From  this  estimate  and  the  following  list  of 
measurements  a  curve  has  been  platted  and  a  rating  table  constructed, 
and  this  rating  table  applied  to  all  gage  heights  observed.  The  esti- 
mates of  discharge  thus  obtained  are  shown  in  diagrammatic  form  in 
PI.  Y.  The  highest  discharges  are  merely  approximations,  but  the 
discharges  shown  by  the  diagrams  serve  as  a  basis  for  comparison  of 
the  state  of  the  river  during  the  various  years. 

Discharge  measurements  have  been  made  as  follows: 


Discharge  meagurements  of  Black  Warrior  River  at  Tugcalooda, 


Date. 


1S96. 

December  17 

December  21 

December  24 , 

1896. 

January  30 

January  31 , 

February  26 

February  28 

February  29 

March  2 

March3 

March  6 

March  24 , 

April  10 

April  11 

April  14 , 

April  20 

April  21 , 

April  22 

April  23 

April  24 

April  27 

1897. 
January  12 , 


Feet. 
1.10 
2.61 
3.60 


9.99 
8.65 
8.25 
7.27 
6.92 
7.67 
7.28 
6.94 
24.85 
9.71 
8.89 
8.25 
7.55 
6.65 
5.96 
5.46 
5.88 
5.68 

1.70 


Discharge. 


Second-feeL 

617 

1,344 

1.733 


5,073 
4,363 
4,360 
3,657 
3,522 
4,211 
3,632 
4,558 
13,550 
5,331 
4,755 
4,675 
3,862 
3,388 
2,940 
2,704 
3,158 
3,049 

829 


nemarkfl. 


Stationary. 

Do. 
Rising  slowly. 

Falling  0.05  per  hour. 

Do. 
Falling  0.01  per  hour. 
Falling  0.02  per  hour. 
Stationary. 

Do. 
Falling  0.03  per  hour. 
Rising  0.15  per  hour. 
Falling  0.12  per  hour. 
Falling. 

Do. 
Rising. 
Falling. 

Do. 

Do. 

Do. 
Rising. 

Do. 
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Dufcharge  meaguremerUs  of  Blach  Warrior  River  at  TWntooM— Continued. 


Date. 


QtLge 
height. 


1899.  Feet. 

« 

February' 21 1  19.36 

•  J 

Do I  19.25 

Febroarv  24 22. 85 

Ff  bruarv  2i^ : .  39. 47 

March  1 35. 50 

March2 30.35 

March4 '..  23.70 

MarehU 31.18 

Do 34.37 

March  17 59.50 


Diachaige. 

Second'/tet. 
12,855 
12,640 
16, 216 
48, 010 


D«te. 


1899. 
March  18  . . . 
March  23... 


1901. 
February  1 . . 


June  27 


^»^^  I  March  15 
18,052 

12,609 

36,653 

40,331 

119,533 


1903. 


July  20 
July  21 


Gage 
height. 

Dlaeharge. 

FM, 

Second-fed. 

56.40 

86,410 

40.30 

23,911 

15.10 

9,300 

18.72 

9,461 

1.77 

828 

5.45 

862 

5.44 

719 

Daily  gage  height  ^  in  feet,  of  Black  Warrior  River  at  TwicaUtoaa. 


Day. 


1889. 


1 


15.00 


2 19.50 

3 18.00 

4 16.00 

5 25.00 

5 33.00 

7 1  33.50 

8 '  29.50 

9 26.80 

10 28.40 

11 29.00 

12 25..«i0 

13 22.50 


1-1 

15 
16 

17 
IH 


19.00 
16.00 
13.60 
29.00 
40.50 


20 

21 
'^1 


34.00 
30.30 
2S.10 


23 26.00 

24 1  28.10 

25 21.00 

*J6 ,  20.40 

27 28.00 

•& I  33.50 


2  J 
30 
31 


33.80 
30.00 
27.00 


Id 38.50 


23.50 
20.60 
17.60 
14.80 

laoo 

11.60 

10.40 

9.30 

8.30 

8.00 

7.80 

7.60 

7.80 

7.00 

7.30 

27.60 

49.00 

66.40 

56.60 

58.00 

47.00 

41.50 

96.50 

32.60 

28.50 

26.50 

23.60 

21.40 


18.80 

16.50 

25.00 

31.50 

29.40 

26.50 

23.00 

20.10 

17.50 

15.00 

12.80 

11.00 

10.00 

9.20 

8.80 

8.10 

7.20 

7.10 

11.00 

12.50 

12.30 

11.80 

10.80 

10.00 

9.80 

11.20 

11.80 

12.30 

11.00 

10.50 

9.80 


Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

8.50 

8.80 

2.30 

2.40 

8.70 

0.75 

2.40 

0.90 

6.0O 

9.80 

14.50 

2.90 

3.10 

8.60 

7.90 

1.95 

1.05 

5.65 

10.30 

13.20 

2.75 

4.40 

3.00 

6.40 

1.55 

1.85 

5.30 

11.60 

11.00 

2.60 

5.10 

2.96 

5.90 

1.80 

1.90 

4.80 

10.50 

8.50 

2.80 

6.25 

2.90 

6.20 

1.15 

3.85 

4.50 

9.50 

7.00 

2.10 

6.85 

3.70 

9.80 

1.05 

8.65 

4.20 

8.40 

5.80 

1.90 

6.45 

8.45 

14.90 

.90 

8.90 

4.00 

7.80 

4.60 

1.70 

5.70 

2.96 

19.00 

.70 

8.00 

3.80 

6.80 

4.30 

2.00 

4.75 

2.60 

14.00 

.60 

2.75 

3.60 

6.40 

4.00 

2.60 

3.85 

2.00 

9.90 

.40 

2.56 

3.40 

6.30 

3.80 

2.85 

3.06 

1.76 

5.50 

.80 

3.65 

3.20 

6.00 

3.20 

4.20 

2.85 

1.55 

5.26 

.30 

4.30 

2.96 

5.60 

8.00 

8.40 

2.45 

3.85 

4.15 

.20 

4.15 

2.75 

5.50 

8.10 

4.00 

2.16 

3.60 

3.30 

.15 

8.75 

2.70 

8.00 

8.20 

3.46 

1.96 

8.35 

2.70 

.16 

8.50 

2.65 

16.80 

3.00 

3.25 

4.20 

3.15 

2.25 

.15 

4.20 

2.50 

16.70 

2.80 

3.06 

7.35 

8.80 

2.00 

.10 

5.20 

2.80 

14.00 

2.50 

2.85 

11.35 

3.50 

1.55 

.10 

12.45 

2.20 

12.00 

2.35 

2.65 

11.50 

8.20 

1.40 

.05 

18.90 

2.10 

10.00 

2.25 

2.45 

8.40 

2.90 

1.30 

.06 

16.90 

2.05 

8.90 

2.05 

2.25 

4.60 

2.40 

1.20 

.05 

14.10 

2.00 

8.00 

1.85 

3.25 

4.55 

1.90 

1.10 

.00 

11.70 

2.00 

7.00 

1.65 

3.45 

4.50 

1.50 

1.00 

-  .10 

9.70 

2.00 

6.40 

1.60 

8.20 

8.70 

1.20 

1.00 

-  .30 

7.90 

2.00 

6.30 

1.30 

3.00 

3.15 

.90 

.95 

-  .15 

6.60 

1.95 

6.80 

1.25 

2.40 

3.10 

.75 

2.25 

+  .10 

6.80 

1.95 

6.50 

1.15 

1.95 

4.56 

1.00 

8.70 

.35 

6.10 

1.95 

6.20 

l.Of) 

1.56 

4.05 

.95 

8.50 

.35 

5.90 

1.90 

5.80 

.95 

1.25 

4.00 

.90 

3.25 

.40 

5.80 

1.90 

5.50 

1.15 

1.10 

4.00 

1.10 

2.60 

.90 

6.30 

3.00 

1.10 

* 

3.80 

1.05 

1.00 

4.85 
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Daily  gage  height,  in  feet,  of  Bluck  Warrior  River  at  Tuscaloosa — ^Continued. 


Day. 

Jail. 
7.70 

Feb. 

Mar. 

Apr. 

24.50 
34.50 
84.10 
43.60 
45.90 
44.50 
38.70 
34.00 
29.95 
26.70 
23.45 
20.45 
17.45 
14.50 
12. 15 
10.  a5 
10.85 
12.95 
13.20 
13.95 
12.15 
10.46 
9.30 
10.66 
15.45 
26.60 
28.45 
26.20 
28.35 

19.80 


May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1890. 
1 

30.20 

58.90 
57. 40 
52.40 
46.80 
40.86 
37.15 
35.40 
32.60 
30.50 
27.50 
25.00 
23.00 
20. 75 
22.60 
38.20 
38.00 
35.80 
32.30 
29.00 
27.20 
32.40 
34.45 
41.26 
40.26 
36.75 
33,86 
29.70 
27.46 
24.66 
121.95 
18.80 

24.00 
23.50 
20.50 
19.60 
17.20 
29.00 
53.00 
58.00 
60.40 
58.00 
54.00 
48.00 
43.00 
40.00 
36.50 
33.20 
30.00 
2S.00 
26. 40 
24.00 
21.00 
19.90 
17.50 
15.00 
12.50 
12.10 
15.00 
18.20 
19.40 
IH.OO 
17.00 

16.70 

13.70 

11.96 

12. 75 

14.65 

16.60 

15.00 

13.50 

11.95 

10.10 

9.30 

8.86 

8.35 

9.00 

8.76 

8.66 

9.60 

8.90 

8.16 

7.95 

7.96 

9.00 

8.40 

7.65 

6.96 

6.86 

9.60 

13.20 

13.65 

11.95 

9.25 

6.70 
6.50 
6.30 
4.90 
4.50 
4.50 
4.20 
4.00 
3.90 
3.50 
3.20 
3.20 
3.10 
3.00 
2.80 
2.60 
2.50 
2.50 
2.60 
2.50 
2.60 
2.70 
3.00 
8.00 
2.80 
2.60 
2.60 
2.40 
2.30 
2.10 
2.00 

7.76 
6.50 
5.66 
5.00 
4.40 
4.00 
6.20 
5.60 
5.40 
6.25 
6.00 
6.00 
6.20 
6.20 
6.60 
5.05 
4.36 
4.30 
4.20 
8.70 
3.20 
2.80 
2.50 
2.25 
2.25 
2.16 
2.65 
2.25 
2.05 
1.90 

1.80 

1.65 

1.45 

1.25 

1.10 

.80 

.60 

.50 

.45 

.30 

.20 

.15 

.05 

1.05 

2.55 

3.10 

3.65 

8.65 

4.15 

4.75 

4.20 

8.00 

2.10 

1.75 

2.76 

12.65 

18.40 

10.50 

9.90 

7.45 

6.60 

6.00 
4.05 
8.25 
2.85 
3.15 
3.35 
3.75 
4.55 
4.30 
4.30 
6.10 
6.40 
5.80 
4.60 
3.20 
2.80 
2.60 
2.70 
2.66 
2.40 
2.20 
1.80 
1.40 
1.10 
1.00 
.96 
.96 
5.10 
9.65 
9.15 
10.46 

6.50 
13.00 
14.80 
16.00 
13.00 
9.50 
7.40 
6.80 
5.40 
3.70 
3.10 
2.70 
2.50 
8.00 
8.40 
4.00 
8.00 
2,60 
2.20 
2.00 
1.50 
1.50 
1.40 
1.30 
1.20 
1.10 
1.10 
1.00 
1.00 
1.10 
1.00 

8.00 
6.80 
4.35 
8.40 
8.10 
8.86 
4.36 
4.80 
2.85 
3.20 
2.90 
3.46 
3.95 
6.80 
^.56 
4.60 
8.55 
2.90 
2.45 
2.10 
1.75 
1.70 
3.05 
3.10 
13.05 
23.90 
22.65 
18.00 
14.70 
11.90 

1.00 

1.00 

1.00 

.80 

.70 

.60 

.GO 

.60 

..60 

.60 

.70 

1.00 

1.20 

1.20 

1.00 

1.00 

.60 

.20 

.10 

.10 

.10 

.10 

.10 

.10 

.00 

.00 

-  .20 

-  .20 

-  .40 

-  .50 

9.30 
7.40 
6.10 
6.10 
4.40 
3.80 
3.50 
3.46 
4.50 
4.45 
4.10 
8.80 
3.50 
8.20 
2.80 
2.70 
2.60 
2.40 
2.80 
2.10 
2,00 
2.45 
4.90 
8.45 
10.56 
9.60 
8.05 
6.46 
5.30 
4.90 
4.15 

8.75 
8.35 
3.10 
2.85 
2.65 
2.40 
2.25 
2.15 
2.06 
2.00 
1.96 
1.75 
1.65 
l.GO 
1.6D 
1,65 
1,66 
1.60 
1.56 
1.50 
1.50 
1.45 
1.36 
1.90 
1.25 
1.20 
1.15 
1.10 
1.05 
1.00 



l.UI 

2 

7. 20     26. 20 

1.00 

3 

6.20 
5.20 

22.50 
19.05 

1.00 

4 

1.00 

5 

5.20  :  16.40 
4.80  1  13.90 
4.50     12.10 

1.00 

6 

1-00 

7 

1.20 

8 

4.55 
5.10 

5.:w 

5.60 
6.45 
5.30 
5.20 
5.60 
11.20 

44.30 
53.95 
52. 90 
47.50 
4z.20 
37  20 
;J2.65 
29.45 
26. 95 

10.05 

9 

10 

11 

10.10 
8.95 
7.10 

12 

5.80 

13 

4.60 

14 

8.70 

15 

3.30 

16 

2.95 

17 

19. 30     23. 95 

2.80 

IH 

21.00 
IS.  40 

21.46 
18.45 

2.75 

19 

2.20 

20 

15.40  ,  15.65 
13.30     13.45 

2,00 

21 

2,00 

22 

11.60 

12.00 

1.90 

23 

10.10     10.40 
10. 70       9. 40 

1.90 

24 

1.80 

25 

12.50 

9.50 

1.80 

26 

13.50     13.50 
12.80  '  35.20 

2,30 

27 

G.HO 

28 

11.80 
10.60 

63.10 

9.70 

29 

10. 20 

80 

17.60    

9.10 

81 

31.70 

7.30 

1891. 
-  1 

6.10 

33.20 

34.00 

39.40 

3().80 

32.60 

28.50 

25.00 

22.20 

19.00 

16.00 

14.20 

17.20 

27.00 

26.00 

•22.50 

19.50 

17.20 

15.60 

16.40 

14.60 

13.40 

12.00 

11.00 

10.00 

9.00 

8.20 

7.60 

8.40 

8.00 

7.30 

6.50 

1.80 
1.90 
1.80 
1.70 
1.60 
1.40 
1.40 
1.50 
2.10 
2.80 
3.60 
10.20 
10.60 
9.80 
8.00 
6.50 
5.60 
6.30 
7.20 
7.00 
6.00 
5.50 
5.20 
4.80 
4.50 
4.20 
4.10 
3.70 
2.90 
2.50 

2.10 
2.00 
1.90 
1.80 
1.60 
1.30 
1.40 
2.10 
7.00 
10.40 
8.20 
6.00 
4.80 
3.20 
2.30 
2.60 
2.60 
2.90 
2.60 
2.20 
1.80 
1.60 
1.40 
1.30 
1.40 
2.60 
2.00 
2.20 
2.00 
2.10 
2.40 

-0.40 

-  .30 

-  .20 

-  .20 

-  .20 

-  .20 

-  .40 
.50 

-  .60 

-  .70 

-  .80 

-  .80 

-  .80 

-  .80 

-  .60 

-  ,70 

-  .70 

-  .70 

-  .60 

-  .70 

-  .70 

-  .60 

-  .60 

-  .50 

-  .50 

-  .50 

-  .70 

-  .80 

-  .80 

-  .80 

-  .80 

-0.80 

-  .80 

-  .80 

-  .HO 
.80 

-  .80 
.80 

--  .80 

-  -ss 

4    .70 
2.10 
2.80 
4.40 
3.80 
2.50 
2.(10 
1.80 
l.HO 
1.50 
1.80 
1.40 
3.00 
8.00 
12.90 
13.90 
ia80 
7.20 
5.80 
4.20 
3.80 

3.40 

2 

3 

8.60 
14.30 
17.90 
15. 20 
13. 10 
11.10 
10.00 

9.50 
17.50 
20.90 
26.30 
30.10 
25.  .50 
21.00 
18.50 
17.10 

39.60 
40.90 
40.20 
39.30 
36.30 
37.00 
51.50 
51.60 
62.20 
53.50 
50.50 
47.60 
51.40 
49.50 
46. 50 
44.30 

3.00 
2.40 

4 

6.20 

6 

G.80 

6 

7 

21.50 
19.50 

8 

20.00 

9 

10 

20.50 
17.00 

11 

14.00 

12 

11.50 

13 

9.00 

14 

6.20 

15 

7.00 

16 

9.00 

17 

11.00 

18 

17.70     41  (10 

11.20 

19 

17.10 
15.60 
12.  GO 
20.20 
31.60 
31.80 
31).  10 
30.70 

37. 50 
35.00 
33.50 
39.50 
41.00 
39.00 
36.50 
a:VflO 

10.00 

20 

8.50 

21 

7.00 

22 

6.00 

23 

21 

25 

26 

C.OO 

6.20 

7.50 

13.20 

27 

29.00  i  29.66 
2«».80  ;  26.50 

31.  (K) 

28 

88. 9() 

29 

30 

31 

23.70 
32.70 
33.00 

31.20 
27-  W 
22.10 
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DaUy  gage  height,  in  feet,  of  Black  Warrior  River  at  Tuscaloosa — Continued. 


Day. 


I 

Jan.   Feb. 


1892. 

1 ,  17.90 

•2 1  15.90 

3 18.60 

4 1  18.70 

5 16.40 


6 

7 
8 


14.60 
13.00 
11.60 


7 1  ia80 

10 1  10.50 

11 26.70 


12 
13 


34.80 
63.00 


14 ;  57.40 

15 i  56.90 

16 '  51.70 

17 45.00 

18 i  40.10 

19 !  36.60 

20 41.60 

21 1  41.00 

22 36.80 

23 1  34.40 

M 1  31.00 

25 28.50 

26 ,  26.00 

27 23.80 

» 21.50 

29 1  19.00 

30 1  16.80 

31 1  14.00 


18S8 


1 
2 
3 

4 


8.20 

8.60 

9.80 

10.70 


5 10.10 


6 

8 
9 
!• 
11 
12 
13 
14 
15 
16 


9.00 
8.40 
7.90 
7.00 
6.70 
6.20 
6.50 
7.80 
9.00 
9.60 
11.40 


17 1  12.20 

18 '  11.80 

19 12.00 

20 1  12.40 

21 11.80 

22 10.90 

23 11.20 

24 12.90 

2f> 15.90 

26 19.20 

27 22.00 

2H 23.30 

29 1  23.10 

3D 22.10 

31 1  20.40 


21.20 

10.50 

9.40 

8.60 

7.80 

7.40 

7.80 

7.50 

9.00 

16.00 

13.00 

11.30 

10.80 

9.50 

9.00 

10.00 

11.80 

11.00 

9.90 

10.50 

13.60 

18.00 

28.90 

21.20 

18.60 

16.00 

14.00 

12.50 

11.50 


18.10 
15.90 
14.00 
12.80 
12.60 
11.80 
11.20 
10.80 
10.60 
10.20 
12.00 
23.90 
28.30 
27.00 
25.90 
52.20 
55.60 
54. 70 
51.40 
46.60 
41.80 
37.90 
34.50 
31.30 
28.40 
25.90 
23.80 
23.00 


Mar. 


Apr.     May. 


10.70 
10.30 
9.70 
8.80 
8.00 
7.80 
8.00 
16.60 
26.80 
28.50 
26.70 
22.00 
18.00 
15.80 
13.80 
13.30 
11.20 
12.90 
21.00 
25.50 
22.90 
20. 00 
18.30 
22.00 
29.00 
82.00 
35.80 
84.00 
30.50 
26.80 
28.90 


23.00 
21.70 
19.70 
20.50 
23.00 
24.00 
22.60 
20.10 
20.00 
22.00 
21.80 
20.50 
19.80 
18.10 
16.30 
14.70 
13.20 
12.20 
11.30 
10.70 
9.90 
9.30 
8.80 
12.30 
22.20 
22.50 
20.00 
17.00 
14.40 
12.40 
10.90 


21.80 
18.30 
15.60 
1&20 
12.00 
11.60 
56.30 
63.20 
62.20 
58.00 
52.30 
45.40 
40.70 
36.60 
32.80 
29.60 
27.00 
24.50 
22.40 
20.20 
18.10 
15.90 
13.80 
12.30 
11.30 
10.60 
8.80 
7.90 
7.70 
10.60 


9.40 

9.30 

9.00 

8.70 

8.00 

8.70 

9.30 

9.00 

8.30 

7.60 

7.00 

6.40 

6.10 

5.80 

23.00 

27.10 

24.00 

20.00 

16.40 

13.90 

12.00 

11.20 

10.70 

9.90 

8.90 

7.00 

10.50 

32.50 

33.90 

29.00 


12.00 
11.20 
9.90 
8.80 
7.20 
6.60 
6.90 
5.80 
5.20 
4.90 
4.90 
4.80 
4.70 
4.60 
4.60 
4.00 
8.70 
3.60 
4.30 
4.60 
6.60 
6.30 
6.00 
6.00 
4.80 
3.50 
4.70 
4.00 
3.80 
3.50 
3.60 


24.60 

21.20 

30.00 

51.20 

52.20 

48.00 

42.90 

40.40 

37.40 

34.30 

30.80 

27.50 

24.40 

21.90 

19.10 

16.20 

14.00 

11.90 

11.00 

8.40 

6.90 

6.20 

5.60 

5.10 

4.80 

4.50 

4.30 

5.10 

6.10 

12.90 

14.10 


Jane. 

July. 

Aug. 

Sept. 

Oct. 

3.40 

4.60 

4.80 

9.30 

8.90 

8.20 

8.90 

3.20 

7.60 

8.60 

3.60 

3.40 

7.00 

6.50 

8.30 

8.70 

8.00 

7.40 

5.60 

3.10 

8.60 

2.90 

6.60 

4.90 

2.80 

4.70 

3.50 

5.40 

4.90 

2.50 

5.00 

5.20 

4.80 

4.80 

2.40 

4.90 

11.00 

3.90 

6.40 

2.20 

4.10 

26.70 

3.60 

6.20 

2.10 

4.00 

48.60 

8.50 

5.40 

2.00 

8.80 

46.20 

8.00 

5.10 

2.00 

3.60 

41.40 

8.00 

8.90 

2.00 

3.30 

88.30 

3.80 

3.40 

2.00 

2.80 

37.50 

8.10 

3.80 

1.90 

2.60 

84.80 

8.90 

4.00 

1.90 

2.40 

82.80 

3.50 

5.10 

1.90 

2.00 

41.40 

8.50 

4.90 

1.80 

1.80 

88.00 

6.00 

4.30 

1.70 

2.10 

83.00 

9.50 

6.00 

1.00 

3.90 

29.00 

11.60 

18.30 

1.00 

7.40 

28.80 

9.50 

23.90 

.90 

10.80 

29.80 

7.40 

20.90 

.90 

10.70 

25.10 

10.20 

17.00 

.90 

8.40 

21.50 

12.30 

13.30 

1.00 

7.80 

18.80 

14.00 

10.50 

1.00 

7.90 

15.80 

14.20 

8.00 

.90 

7.20 

13.00 

13.20 

6.10 

.80 

6.10 

10.50 

11.50 

5.00 

.70 

5.20 

7.80 

12.00 

4.90 

.70 

5.40 

6.20 

11.50 

4.80 

.50 

5.60 

10.50 

.50 

12.60 

2.60 

0.60 

0.80 

1.10 

83.60 

2.80 

.70 

.20 

1.00 

49.60 

2.80 

1.00 

^10 

1.20 

46.00 

8.60 

1.20 

.00 

1.40 

89.00 

3.60 

1.30 

—  .10 

1.30 

37.70 

8.20 

1.20 

—  .10 

1.20 

89.90 

2.  TO 

1.30 

.00 

1.20 

39.30 

2.40 

1.20 

+  .20 

1.20 

34.00 

2.10 

1.00 

1.40 

1.00 

29.20 

1.80 

.90 

2.00 

.90 

25.10 

1.60 

.90 

2.10 

.80 

21.20 

1.60 

.80 

2.20 

.80 

17.40 

2.20 

.90 

8.20 

.80 

14.70 

2.60 

8.60 

4.30 

.70 

11.60 

2.40 

4.90 

4.30 

.60 

9.60 

2.00 

5.10 

3.90 

.50 

7.60 

1.70 

4.70 

3.30 

.50 

6.70 

1.40 

3.70 

2.50 

.50 

6.60 

i.ao 

2.80 

2.10 

.50 

6.90 

1.20 

2.20 

1.80 

.50 

6.90 

1.20 

1.70 

1.40 

.50 

6.60 

1.30 

1.60 

1.30 

.50 

6.40 

1.60 

1.30 

1.20 

.40 

5.70 

1.70 

1.10 

1.00 

.40 

4.90 

1.50 

1.00 

1.30 

.40 

4.40 

1.30 

.90 

1.20 

.40 

4.00 

1.20 

.80 

1.20 

.40 

3.50 

.90 

.80 

1.10 

.40 

3.10 

.90 

.60 

1.10 

.40 

2.80 

.80 

.60 

1.10 

.40 

.80 

.20 

.40 

Nov. 

Dec. 

0.40 

5.90 

.40 

5.60 

1.20 

5.80 

1.60 

4.90 

1.60 

6.30 

1.60 

7.50 

2.00 

7.60 

8.90 

12.20 

4.60 

15.00 

8.90 

18.20 

10.lfo 

11.00 

8.80 

9.40 

7.60 

8.00 

5.80 

7.40 

5.00 

8.60 

4.50 

10.80 

4.00 

13.10 

4.20 

26.70 

4.40 

28.40 

4.70 

28.40 

5.00 

36.50 

4.80 

3i>.8Q 

4.50 

31.50 

4.20 

27,00 

8.80 

23.00 

3.50 

19.50 

3.W 

16.00 

3.20 

13.60 

8.90 

11.40 

5.90 

9.80 

8.50 

0.40 

1.50 

.40 

1.50 

.40 

1.80 

.40 

2.80 

.40 

3.50 

.40 

4.20 

.40 

4.10 

.40 

8.60 

.40 

3.00 

.60 

2.  HO 

.60 

2.30 

.50 

1.90 

.60 

1.70 

.60 

1.60 

.60 

1.50 

.60 

1.70 

.60 

2.30 

.60 

2.40 

.60 

2.30 

.60 

2.10 

.70 

2.50 

1.00 

2.40 

1.00 

2.30 

1.10 

2.10 

1.00 

1.90 

.90 

1.70 

1.00 

l.CJO 

1.70 

1.50 

1.70 

1.40 

1.50 

3.70 

....... 

7.60 
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Daily  gage  heighi,  in  feet,  of  Black  Warrior  River  at  Tuscalc^Ki—Con^niied. 


Day. 


181M 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 

1895 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 


Jan. 


10.30 
9.60 
7.90 
6.20 
6.40 
6.40 
16.80 
22.60 
19.70 
26.90 
34.50 
36.80 
30.90 
26.80 
22.20 
23.60 
24.80 
22.40 
19.90 
16.90 
14.10 
18.60 
21.80 
19.90 
17.60 
16.50 
14.00 
12.40 
11.10 
10.00 
9.10 


Feb. 


6.10 
6.40 
6.80 
9.00 
8.80 
8.00 
7.40 
36.00 
60.60 
49.80 
45.10 
40.10 
86.00 
29.80 
25.70 
23.40 
81.20 
82.90 
29.20 
25.80 
23.10 
21.60 
21.60 
19.80 
17.40 
16.70 
20.00 
21.20 
22.00 
27.40 
27.10 


8.60 
7.80 


7. 

7. 


30 
90 


16.90 
22.60 
20.40 
17.80 
17.30 
26.00 
27.80 
26.40 
29.90 
32.10 
29.70 
26.00 
22.80 
19.10 
16.80 
16.00 
16.90 
17.90 
17.00 
16.10 
17.30 
29.30 
31.00 
28.80 


24.10 

21.50 

21.40 

21.40 

19.90 

17.90 

16.50 

16.80 

16.90 

15.80 

14.60 

14.10 

13.90 

12.80 

11.60 

10.50 

9.40 

9.00 

9.00 

9.50 

10.20 

10.90 

11.40 

11.30 

10.90 

10.30 

9.70 

9.00 


Mar. 


27.00 
25.60 
23.60 
21.00 
18.20 
16.90 
14.80 
14.40 
13.80 
12.60 
11.60 
11.50 
16.60 
17.80 
16.80 
16.60 
83.10 
86.70 
83.70 
29.50 
27.80 
29.30 
29.60 
28.00 
27.80 
26.80 
22.10 
19.00 
16.10 
14.30 
12.70 


8.60 
18.20 
86.30 
36.70 
32.40 
27.80 
23.80 
20.60 
20.10 
19.30 
17.50 
17.20 
18.40 
24.90 
37.50 
47.40 
62.00 
47.30 
42.10 
38.80 
48.70 
61.30 
47.60 
42.10 
37.80 
32.80 
29.10 
26.10 
23.60 
21.10 
18.60 


Apr. 


11.40 
14.10 
23.50 
24.00 
22.20 
20.60 
18.90 
16.80 
14.70 
16.70 
26.00 
26.60 
22.70 
19.60 
16.30 
16.50 
16.00 
17.00 
25.30 
24.80 
24.00 
20.40 
17.80 
14.20 
12.20 
10.60 
9.80 
8.70 
7.90 
7.00 


16.20 

14.50 

12.60 

11.00 

10.20 

8.40 

7.90 

20.60 

24.00 

21.20 

18.00 

15.10 

12.60 

11.00 

9.60 

8.60 

10.00 

16.90 

15.80 

14.00 

12.00 

10.40 

8.90 

8.00 

7.20 

7.00 

7.10 

12.50 

16.00 

16.40 


May. 


6.50 
5.90 
6.90 
6.80 
5.60 
6.20 
6.10 
4.90 
4.60 
4.10 
8.70 
3.90 
4.80 
7.00 
6.20 
6.70 
6.10 
6.00 
4.70 
4.20 
3.60 
3.10 
2.80 
2.60 
2.40 
2.30 
2.10 
2.10 
2  00 
1.90 
1.90 


15.20 

13.00 

11.  CO 

9.40 

8.30 

7.40 

7.00 

8.20 

13.60 

19.70 

23.30 

22.00 

18.50 

15.20 

12.20 

9.70 

8.00 

6.90 

6.30 

6.90 

5.30 

4.80 

4.30 

4.10 

4.00 

4.30 

5.60 

11.00 

13.30 

11.20 

8.90 


June. 


1.70 

1.60 

1.60 

1.35 

1.33 

1.20 

1.30 

1.10 

.95 

.90 

.80 

.80 

.70 

.60 

.60 

.60 

.66 

.60 

.60 

.70 

.86 

.80 

.96 

1.10 

1.00 

1.06 

1.40 

1.70 

2,35 

2.60 


July. 


7.00 
6.90 
5.10 
4.60 
4.20 
6.70 
5.70 
6.10 
4.30 
3.80 
S.IO 
2.70 
2.40 
2.20 
2.00 
2.00 
2.70 
3.30 
4.20 
4.90 
4.70 
4.30 
4.10 
3.70 
3.40 
8.00 
4.40 
6.40 
6.00 
6.40 


2.50 

1.80 

1.36 

1.10 

.80 

.60 

1.00 

1.80 

.70 

.70 

.60 

.60 

.50 

.50 

.60 

.70 

.75 

.70 

.70 

.60 

.50 

.90 

1.30 

1.35 

1.60 

1.50 

1.40 

1..30 

.20 

l.IO 

1.20 


Aug. 


Sept. 


4.80 
4.50 
6.40 
7.60 
17.40 
17.70 
18.40 
15.70 
13.10 
11. 10 
9.80 
7.90 
6.60 
6.30 
6.40 
6.60 
5.90 
6.80 
6.10 
4.60 
4.00 
3.60 
3.40 
3.30 
3.60 
8.70 
3.30 
2.90 
2.40 
2.00 
2.10 


1.20 

1.30 

1.40 

1.95 

2.80 

2.40 

2.00 

1.60 

1.80 

1.10 

.80 

.70 

.60 

.60 

.85 

.60 

.56 

.45 

.40 

.66 

•1.00 

1.35 

3.80 

6.80 

9.20 

16.00 

20.40 

16.00 

11.80 

8.80 

6.80 


1.80 
1.60 
1.30 
1.20 
1.20 
1.20 
1.10 
1.00 
.90 
.97 
1.40 
1.50 
1.40 
1.80 
1.10 
1.80 
1.40 
2.00 
4.00 
4.80 
8.60 
2.80 
2.40 
4.80 
4.90 
4.00 
8.20 
2.40 
2.30 
2.10 
2.00 


5.80 
4.60 
3.60 
2.96 
2.46 
2.06 
1.86 
1.75 
1.65 
1.60 
1.85 
3.40 
6.60 
7.60 
6.70 
4.20 
8.25 
3.50 
3.26 
3.26 
4.10 
3.60 
2.90 
2.20 
1.75 
1.45 
1.20 
1.05 
.90 
.70 


1.90 
1.80 
1.80 
1.70 
1.90 
2.60 
8.05 
8.70 
3.40 
2.90 
2.40 
2.20 
2.10 
2.00 
1.80 
1.60 
1.40 
1.40 
1.80 
1.00 
1.20 
1.50 
1.30 
1.10 
.80 
.60 
.35 
.10 
.60 
.80 


Oct. 


0.66 
.45 
.40 
.32 
.26 
.20 
.15 
.00 

-  .10 

-  .20 

-  .25 

-  .80 

-  .80 

-  .80 

-  .30 
.80 
.30 
.80 
.80 
.80 
.80 
.80 
.80 
.36 
.40 
.40 
.45 
.45 
.45 


Nov. 


—  .80    + 


—0.05 

—  .10 

—  .20 

—  .26 

—  .30 

—  .30 

—  .80 

—  .30 

—  .80 

—  .30 

—  .80 

—  .80 

—  .80 

—  .16 
.00 
.05 
.05 
.05 
.00 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.06 
.06. 
.06 


—  .20 
-.05 

—  .06 

—  .06 

0.10 

-0.04 

.00 

-I-  .07 

-  .07 

.12 

-  .10 

.09 

-  .10 

.11 

-  .10 

.25 

-  .10 

.81 

.00 

.80 

-  .03 

.28 

-  .07 

.70 

-  .10 

1.20 

-  .14 

1.10 

-  .14 

1.18 

+  .06 

1.85 

.01 

1.36 

-  .08 

1.28 

-  .18 

1.20 

-  .27 

1.06 

-  .81 

.88 

-  .37 

.82 

-  .42 

.70 

-  .45 

.60 

-  .60 

.60 

-  .35 

.75 

-  .33 

.60 

-  .63 

.88 

-  .70 

.64 

-  .68 

.65 

-  .67 

.65 

-  .50 

.60 

-  .32 

Det- 


—0.06 

-  .06 

.00 

.00 

.00 

.00 

.00 

4-  .06 

.05 

.60 

2.10 

5.70 

10.40 

11.20 

8.90 

6.40 

4.90 

3.90 

3.20 

2.90 

2.60 

2.20 

2.00 

1.80 

1.70 

2.00 

7.70 

9.70 

8.40 

7.20 

6.50 


0.75 

.95 

1.05 

1.00 

.90 

1.80 

1.50 

1.45 

1.90 

1.80 

1.45 

1.40 

1.40 

1.87 

1.33 

1.23 

1.12 

1.05 

1.02 

1.57 

2.56 

2.60 

8.03 

3.65 

8.31 

4.60 

10.40 

21.02 

16.88 

13.10 

11.67 
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DaUy  gage  height,  in  feet,  of  Black  Warrior  River  ai  TuscalooBa — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

11.41 

7.92 

6.91 

10.61 

18.24 

4.92 

1.94 

0.63 

0.88 

0.62 

-0.78 

7.70 

•» 

1  10.26 
>    8.90 

8.51 
21.96 

7.66 
7.41 

14.78 
23.00 

88.80 
87.18 

4.28 
8.60 

1.71 
1.44 

.80 
1.84 

.25 
.15 

1-  .62 
-  .66 

-  .77 

-  .42 

6.82 

3 

4.68 

4 

7.60 

83.12 

6.74 

23.50 

80.88 

5.44 

1.48 

.m 

.06 

,  -  .20 

-  .89 

8.40 

5 

6.55 
.    5.74 
:    5.00 
:    5.24 

90.02 
80.75 
85.92 
85.06 

6.14 

6.64 

10.18 

12.04 

19.85 
16.70 
14.26 
12.55 

26.40 
21.98 
17.88 
18.96 

5.24 
4.80 
8.62 
8.27 

1.90 
1.15 
1.32 
2.20 

.54 
.42 
.50 
.60 

-  .06 
--  .15 
--  .28 
-  .80 

+  .78 
.74 
.68 

'      .40 

-  .88 

-  .19 

-  .19 

-  .17 

2.60 

f. 

2.05 

1.70 

f 

1.47 

5 

!    5.76 

86.21  ■  14.89 

11.20 

10.80 

6.60 

8.40 

.68 

.87 

.09 

-  .18 

1.21 

10 

6.46  i  36.52  j  18.69 

10.02 

8.60 

8.18 

6.96 

.64 

-  .44 

-  .15 

-  .21 

1.10 

11 

6.66 

38.65 

12.45 

9.04 

7.11 

18.89 

5.87 

.65 

-  .44 

-  .28 

-  .80 

.89 

12 

6.25 

29.45 

18.97 

8.83 

6.09 

15.18 

8.95 

.45 

-  .46 

-  .28 

-  .» 

.81 

IS 

5.79 

25.97 

16.15 

7.62 

5.84 

10.77 

2.99 

.88 

-  .50 

,-  .48 

-  .22 

.80 

H 

&26 

27.41 

15.85 

7.86 

4.77 

7.66 

2.45 

.85 

-  .60 

-  .49 

-  .11 

.75 

]-=> 

4.82 

88.25 

18.56 

11.65 

6.13 

5.60 

2.16 

.81 

-  .69 

-  .46 

-  .10 

1.20 

16 

I    4.87 

81.02 

13.86 

18.90 

5.45 

4.88 

2.18 

.26 

-  .69 

-  .43 

-  .01 

1.25 

17 

6.(B 

27.80 

22.30 

12.86 

4.65 

4.74 

2.15 

.18 

-  .60 

~  .60 

+  .26 

1.25 

]« 

8.61 

23.65 

27.75 

10.57 

8.94 

4.20 

2.42 

.40 

-  .60 

-  .68 

.46 

1.60 

19 

9.14 

20.09  ,  29.70 

9.03 

8.44 

6.18 

2.46 

.60 

-   .60 

"  .78 

.62 

1.90 

20 

8.58 

17.00 

87.68 

7.81 

8.05 

6.00 

2.24 

.40 

-  .61 

-  .82 

.45 

1.70 

il 

7.87     14.45 

87.92 

6.88 

2.91 

5.32 

2.16 

.34 

-  .64 

-  .82 

.89 

1.50 

•w 

8.%     12.20 

38.55 

6.15 

2,77 

4.91 

1.90 

.29 

-  .64 

-  .84 

.88 

1.83 

3 

22.47     10.32^29.12 

5.66 

2.87 

4.46 

1.71 

.22 

-  .86 

-  .84 

.88 

1.20 

24 

29.26 

9.18 

25.85 

6.67 

2.90 

4.19 

2.06 

1.06 

-  .45 

-  .78 

.87 

.96 

T* 

26.  G2 
22.44 

8.60 
8.85 

23.54 
21.28 

5.76 
5.80 

2.87 
2,97 

4.04 
3.87 

2.58 
2.17 

.95 
.79 

-  .61 

-  .64 

-  .80 

-  .82 

.87 
.37 

.92 

26 

.77 

27 

18L55 

7.90 

18.72 
16.35 

6.26 
10.47 

3.66 
3.60 

2.85 
2.69 

1.70 
1.28 

.77 
1.85 

-  .71 

-  .76 

-  .82 
-  .78 

.96 
.09 

.71 

2^ 

14.92  '    7.40 

.59 

12.14       7.00 

14.80 

16.06 

6.52 

2.54 

.94 

1.80 

-  .67 

-  .80 

.83 

.52 

3U 

10-18   

12.69 

14.18 

6.50 

2.21 

.76 

.95 

-  .55 

-  .80 

1.00 

.48 

31 

8.88  1 

11.40 

5.78 

.61 

.60 

-  .78 

.48 

1887. 

1 

0.84      8.90 
.47      6.0D 

11.14 
9.57 
8.58 
8.72 

18.90 
15.28 
22.20 
21.11 

0.51 
9.95 
9.22 
7.66 

1.83 
1.76 
1.70 
2.01 

-0.15 

-  .18 

-  .20 

-  .18 

1.86 

1.06 

.87 

-62 

0.60 
.96 

1.02 
.92 

-1.66 
-1.71 
-1.72 
-1.75 

-1.89 
-1.80 
-1.29 
-1.81 

—1.28 

2 

-1.12 

3 

.40 
.90 

11.50 
12.60 

-  .48 

4 

+1.29 

5 

1.24     11.70 

10.14 

22.00 

6.23 

1.98 

-  .05 

.60 

.76 

-1.79 

-1.88 

18.10 

ft 

Lll     12.37 
1.40     16.24 

16.33 
'51.42 

26.96 
25.82 

5.86 
4.67 

2.65 
8.44 

1.68 
8.40 

.40 
.25 

.62 
.61 

-1.86 
-1.79 

-1.28 
-1.27 

14.24 

t  .............. 

10.72 

2.60  ;  18.70     64.77 
2.66     21.04     51.59 
2.30     19.80     44.69 

22.10 
21.80 
29.27 

4.20 
8.87 
8.50 

2.87 
2.25 
1.85 

8.90 
8.71 
8.05 

.24 
1.10 
2.10 

.47 
.42 
.36 

-1.85 
-1.88 
-1.90 

-1.27 
-1.17 
-1.18 

7.39 

9 

5.12 

10 

8.72 

11 

2.08     17.90  1 

40.54 

29.57 

8.20 

1.60 

2.58 

.3.26 

.29 

-1.90 

-1.10 

8.05 

12 

1.76 

23.42 

42.58 

25.48 

8.64 

1.89 

2.42 

8.22 

.28 

-1.88 

-1.14 

2.70 

13 

1.52 

25.90 

48.70 

21.60 

11.40 

1.24 

2.16 

2.78 

.14 

-1.89 

-1.17 

2.56 

14 

1.88 
1.23 

23.84     50.96 
20.30     48.57 

18.10 
16.82 

20.86 
20.46 

1.11 
.96 

1.86 
1.46 

2.27 
1.63 

.11 
.10 

-1.92 
-1.92 

-1.25 
-1.25 

3.05 

15 

8.54 

8.23 

16.96     45. 2D 

18.43 
18.88 

16.60 
12.68 

.85 
.76 

1.16 
.97 

1.28 
1.00 

.06 
.01 

-1.92 
-1.90 

-1.27 
-1.83 

4.12 

17 

9.70  1  14.04  :  47.21 

4.10 

W^ 

18.10  !  11.72 

46.72 

15.02 

9.77 

.63 

1.60 

.78 

-  .05 

-1.90 

-1.35 

3.78 

19 

19.35      9.97 
18.70      8.77 

42.90 
42.67 

18.66 
11.86 

7.73 
6.85 

1.80 
1.45 

3.60 
12.50 

.52 
1.58 

-  .36 

-  .76 

-1.90 
-1.88 

-1.36 
-1.86 

8.50 

30 

8.82 

21 

17.48 
18.64 

8.08  ! 
8.82 

44.54 
41.60 

10.45 
9.24 

5.87 
4.66 

1.11 
.80 

14.50 
11.30 

1.78 
1.58 

-  .96 
-1.07 

-1.88 
-1.77 

-1.86 
-1.87 

6.70 

19.58 

'Zi 

16.52 
18.90 
10.60 

11.00 
20.20 

87.70 
S&l66 

8.15 
7.87 
6.80 
6.87 
5.90 

4.13 
8.70 
3.45 
8.13 
2.90 

.65 
.83 
.23 
,16 
.12 

8.42 
6.64 
4.77 
3.46 
2.72 

1.83 

1.08 

1.27 

.97  1 

.80 

-1.17  , 
-1.26 
-1.24  1 
-1.36  ' 
-1.41  1 

-1.64 
-1.58 
-1.68 
-1.63 
-1.61 

-1.42 
-1.44 
-1.40 
-1.36 
-1.36 

81.00 

24 

29.96 

25 

21.24  ,  82.40 

24.08 

35 

8.60     18.97  1 

28.86 
25.60 

18.97 

27 

7.20 

16.18 

15.67 

2S 

6.00 

18.81 

28.15 

5.49 

2.60 

.03 

2.92 

.61 

-1.44 

-1.64 

-1.28 

13.10 

'^ 

.5.10   

20.38 

5.10 

2.28 

.00 

2.15 

.54 

-1.60 

-1.61 

-1.22 

11.00 

ao 

4.42   

17.62 
14.96 

5.90 

2.09 
2.00 

-  .08 

1.80 
1.62 

.46 
.81 

-1.65 

-1.68 
-1.68 

-1.24 

9.88 

31 

3.80 

8.00 
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Daily  gage  height,  in  feel,  of  Black  Warrior  River  at  Tuscaloosa — Continaed. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1896. 
1 

7.10 

6.28 

5.52 

4.96 

4.41 

4.17 

4.13 

4.18 

4.17 

3.97 

4.00 

4.18 

6.70 

9.70 

11.97 

11.71 

15.00 

15.53 

14.32 

24.50 

33.54 

31.42 

28.50 

30.38 

30.12 

42.50 

43.48 

39.41 

33.80 

28.50 

24.90 

4.40 
4.50 
4.60 
4.70 
4.70 
11.20 
42.50 
49.30 
46.60 
40.40 
33.70 
31.90 
28.00 
25.00 
22.20 
20,'00 
19.60 
20.10 
18.60 
16.10 
14.00 
12.20 
11.00 
11.00 
20.30 
29.30 
26.20 
22.50 
18.60 
15.70 
14.80 

21.68 
18.30 
14.90 
12.12 
10.15 
9.42 
8.90 
8.43 
7.84 
7.30 
6.68 
6.30 
6.20 
6.06 
6.86 
6.40 
5.00 
4.90 
4.83 
4.84 
4.70 
4.48 
4.30 
4.00 
3.83 
3.64 
3.56 
3.72 

3.67 
8.78 
4.03 
4.05 
3.98 
8.90 
3.57 
3.33 
3.12 

3.oa 

2.90 

2.83 

2.80 

8.00 

4.80 

8.00 

15.40 

14.10 

11.92 

10.08 

8.82 

7.80 

6.96 

6.30 

6.00 

5.90 

5.63 

5.12 

5.28 

13.40 

25.68 

25.50 
22.40 
18.50 
15.31 
20.82 
38.70 
38.56 
32.83 
27.70 
23.04 
19.50 
17.08 
15.01 
12.93 
11.66 
10.78 
9.60 
8.63 
8.15 
27.80 
33.11 
28.45 
23.77 
22.72 
24.  (M 
22.62 
19.67 
17.12 
15.05 
13.03 

30.30 
29.20 
24.80 
22.00 
23.20 
22.60 
23.30 
33.90 
34.00 
30.80 
27.00 
23.60 
20.10 
17.20 
14.90 
13.00 
11.60 
10.50 
9.80 
9.60 
9.50 
8.70 
8.60 
11.30 
13.60 
13.20 
12.60 
11.40 
10.00 
8.90 

11.34 

9.82 

8.67 

7.68 

6.88 

6.20 

5.69 

5.W 

4.50 

4.20 

3.91 

3.50 

3.21 

2.88 

2.58 

2.30 

2.08 

1.97 

1.64 

1.43 

1.23 

1.07 

1.00 

.93 

.78 

.57 

.43 

.48 

.52 

.44 

.30 

7.90 
7.00 
6.30 
5.80 
5.30 
4.80 
4.40 
4.40 
7.60 
6.60 
6.10 
4.30 
4.20 
4.30 
4.70 
4.30 
8.70 
3.80 
2.80 
2.70 
3.70 
3.80 
3.30 
3.10 
2.70 

2.m 

2.00 
1.75 
1.50 
1.60 
2.50 

0.23 
.06 
.23 
.27 
.27 
.16 
.02 

-  .10 

-  .29 

-  .41 

-  .64 

-  .62 

-  .71 

-  .62 

-  .63 

-  .38 

-  .48 

-  .56 

-  .30 

-  .21 
.00 
.07 
.18 
.30 
.17 
.06 

1.30 

1.10 

.46 

.68 

0.66 
.43 
.30 
.63 
.16 
.10 

-  .18 

-  .04 

-  .04 
+  .10 

.08 

-  .07 

-  .10 

-  .07 

-  .11 

-  .07 

-  .14 
.00 

1.24 
1.30 
1.12 
.88 
.47 
1.08 
1.95 
2.60 
2.00 
1.80 
2.03 
2.55 
2.86 

2.46 
1.96 
2.46 
2.80 
2.96 
3.90 
3.40 
3.10 
3.98 
6.20 
12.20 
14.10 
10.60 
7.80 
5.00 
3.50 
2.62 
1.91 
1.50 
1.46 
1.12 
1.26 
1.20 
.90 
.50 
1.10 
1.02 
.96 
1.30 
1.52 
1.66 

6.60 

4.90 

3.40 

2.70 

2.00 

1.90 

1.80 

1.30 

1.20 

1.10 

2.00 

1.70 

1.30 

.90 

.60 

.40 

.30 

.30 

.60 

.60 

.70 

1.50 

2.60 

2.50 

2.60 

2.30 

2.10 

1.90 

1.60 

1.50 

1.10 

1.20 
.82 
.70 
.30 
.00 

-  .10 

-  .30 

-  .20 
.00 
.20 
.40 
.20 
.00 

-  .80 

-  .80 

-  .40 

-  .60 

-  .70 

-  .70 

-  .80 

-  .90 

-  .50 

-  .60 

-  .70 

-  .80 

-  .90 

-  .90 

-  .80 

-  .90 

-  .60 

-0.60 

-  .70 

-  .80 

-  .90 
-1.00 

-  .90 

-  .90 

-  .70 

-  .80 
+2,00 

3.30 

2.60 

12.00 

1.40 

1.00 

.80 

.40 

.80 

0.90 
.70 
.60 
.40 
.00 

.ao 

.60 

.40 

.40 

.60 

.60 

.40 

.50 

.80 

I-IO 

1.30 

1.50 

l.fiO 

5l40 

2 

6.50 

3 

5.40 

4 

b.W 

5 

4. 70 

6 

4.511 

7 

5.O0 

8 

.^.011 

9 

4.  Tit 

10 

4.*3» 

11 

S.7U 

12 .• 

3.30 

IS 

3.00 

14 

2,  .HO 

16 

2.60 

16 

■2..1O 

17 

2.  W 

18 

■     2.10 

19 

.80       1.90 
1.20  ,    2.20 
3.10  '    2..'tO 
3.80  1    4.00 

1     4.40 

20 

1**.  W 

21 

23.90 

22 

21.30 

23 

4.10 

8.60 

17.40 

24 

4.80 
4.30 
3.90 
2.90 
2.30 
2.00 
1.40 
1.10 

-1.60 
-1.61 
-1.80 
-1.79 
-1.61 
-1.48 
-1.46 
-1.34 
-1.30 

11.70 
11.60 
9.50 
7.40 
5.90 
5.50 
6.90 

-1.03 
-1.02 
-1.03 
-  .99 
-1.00 
-1.02 
-1.08 
-l.OS 
-1.08 

13.30 

25 

10.  .^> 

26 

a6o 

27 

28 

7.30 
6.20 

29 

90 

.S.60 
5.fl0 

31 

4.7n 

1899. 
1 

26.10 
29.50 
27.00 
29.00 
45.50 
50.60 
51.40 
51.70 
48.60 
43.10 
37.80 
32.80 
28.80 
25.70 
22.90 
21.60 
19.90 
20.10 
20.80 
20.60 
19.60 
18.50 
22.70 
23.10 
20.90 
18.50 
23.50 
39.00 

37.70 
32.00 
27.70 
24. 10 
21.00 
20.80 
19.50 
16.90 
14.40 
12.90 
11.90 
11.30 
10.00 
28.80 
44.50 
59.30 
60.30 
57.70 
52.40 
49.30 
46.80 
41.60 
36.80 
33.00 
29.50 
26.50 
24.20 
22.30 
21. 10 
19.30 
18.10 

2.00 

1.60 

1.20 

1.00 

1.00 

.90 

1.00 

.80 

.40 

.40 

.50 

.50 

.50 

.50 

.50 

.70 

.60 

.40 

.30 

.20 

.10 

.40 

-  .10 

.10 

-  .60 

+  .20 

.20 

.20 

.20 

.10 

.10 
.80 
.30 

-  .70 

-  .10 

-  .30 

-  .20 

-  .30 

-  .40 

-  .40 

-  .40 

-  .50 

-  .60 

-  .60 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .60 

-  .50 

-  .20 
+  .60 

4.90 
7.60 
7.40 
7.90 
9.50 
9.30 
8.60 

1.20 
.70 
.02 
.23 

-  .02 

-  .17 

-  .38 

-  .40 

-  .46 

-  .68 

-  .73 

-  .79 

-  .71 

-  .73 

-  .78 
-  .83 

-  .86 

-  .88 

-  .90 

-  .92 

-  .94 

-  .99 
-1.08 
-1.05 
-1.04 
-1.05 
-1.04 

1.18 
-1.28 
-1.88 

4..S:? 

2 :.... 

'3.H) 

3 

2.77 

4 

'iOK 

5 

1.50 

6 

1.22 

7 

.9S 

8 

.N^ 

9 

.5^ 

10 

--  .96 

-1.01 

.60 

11 

-  .78    -1.01 

-  .72    -  .98 

-  .70    -    .96 

-  .88     -  .98 

-  .94  .      .99 
-1.03    -1.00 
-1.07     -  .97 
-1.12   -  .97 
-1.16    -  -95 

2  20 

12 

23.  ."iO 

13 

39.  .S3 

14 

as.  71 

15 

26.  ."iO 

16 

20.63 

17 

15. 21 

18 

10.  &3 

19 

8.02 

20 

21 

-1.12 
-1.10 

-  .84 

-  .73 

-  .71 

-  .88 
-  .94 

-1.02 
.60 

-  .73 

-  .96 
-1.03 

-  .95 

-  .92 
-  .89 

-  .33 
+  .17 

.88 
2.60 
4.50 
10.48 
9.49 
6.67 

K.09 
9.63 

22 

23 

10.  K> 
10.63 

24 

22  01 

25 

29.04 

26 

25  91 

27 

20  <*% 

28 

29 

17.  l» 

l.S  .HO 

30 

14  (Q 

31 

12  r>i 

BALI.] 
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Daily  gage  height^  infect,  of  Black  Warrior  Ru^er  at  T^ufcaloosa — Continued. 


Day. 

Jan. 

Feb. 

6.92 
6.40 
5.00 
5.71 
6.40 
9.56 
11.50 
10.53 
12.23 
20.60 
23.00 
20.64 
41.37 
47.96 
45.73 
40.-23 
34.74 
29.75 
25.88 
22.43 
19.90 
23.58 
26.50 
24.20 
22.38 
21.00 
18.63 
16.52 

15.10 

14.80 

15.00 

35.20 

42.00 

38,35 

32.15 

29.15 

28.05 

30.97 

29.75 

27. 4« 

25.15 

22.50 

19.60 

17.45 

15.70 

13.70 

12.  M 

11.90 

10.90 

9.95 

9.20 

8.75 

8.65 

8.50 

8.20 

7.90 

Mar. 

Apr. 

1900. 
! .• 

»  .............. 

1 

r»  .......... 

10.90 

9.48 

8.32 

7.10 

6.18 

5.53 

5.12 

4.84 

4.60 

4.50 

7.12 

31.63 

31.80 

28.18 

24.09 

20.12 

16.50 

14.28 

15.80 

25.00 

32.60 

29.44 

'24.  M 

20.43 

17.12 

14.12 

12.14 

10.47 

9.10 

8.27 

7.60 

19.50 

19.00 

17.90 

14.70 

13.00 

11.50 

10.^5 

9.50 

8.75 

8.30 

17.40 

.52.70 

56.50 

53.25 

47.25 

41.45 

36.30 

■  31.  a5 

25.15 
22.50 
19.85 
17.55 
15.35 
>  14.60 
18.00 
17.20 
15.  SO 
14.80 
15.10 
14.60 

18.14 
25.44 
26.00 
23.30 
20.29 
17.43 
15.34 
27.68 
39.00 
36.08 
31.63 
27.34 
23.78 
20.43 
17.40 
16.63 
21. 18 
20.28 
18.80 
45.10 
51.00 
47.98 
42.40 
38.24 
as.  41 
36.78 
35.33 
31.80 
28.85 
26.25 
24.20 

7.60 

7.30 

8.40 

9.65 

9.70 

9.50 

9.00 

8.50 

8.05 

8.70 

29.50 

34.00 

28.50 

23  50 

19.70 

16.00 

13.00 

11.05 

l«.«0 

9.60 

13.00 

16.60 

15.70 

14.00 

13.80 

28..% 

37.25 

34.50 

29.00 

24.30 

24.85 

1 

21.55 
18.60 
15.80 
13.60 
12.27 

»; 

12.17  1 

11.44 

s 

y 

10.29 
9.97 
10.58 
26.35 
52.79 
63.40 
48.09 
42.80  , 
37  10  ' 

10 

n 

■•1 

13 

14 

15 

17 

63.00 

IH 

64.06 

1" 

'33 

21 

62.17 
69.36 
56.10  ' 
51.71 

z^ 

24 

^s 

2B 

27 

■^ 

46.20 
41.88 
37.94 
33.94 
30.89 
28.15 
25.78 
23.60 



SO 

n 

1901. 

1 

*> 

28.00 
26.50 
32.60 
35.10 
81.50 
27.50 
24.30 
20.90 
17.90 
14.50 
12.50 
11.00 
10.00 
11.36 
12,80 
13.00 
11.70 
12.80 
26.90 
39.80 
42.60 
88.00 
32.80 

1 

-»  ......... .. 

^      ... ..... 

0 

1 1 

u 

'•» 

'.f» 

l.> 

17 

18 

w 

1^1 

21 

'»» 

23 

jl 

28.41 

25    

24.40 

36 

21.00 
17.90 

•»» 

14.90 

•jy 

12.50  ' 

30    

10.90 

31    

May. 


21.23 
18.95 
16.33 
13.82 
11.60 
9.60 
8.20 
7.28 
6.80 
6.50 
6.12 
6.90 
5.48 
4.98 
4.50 
8.85 
3.65 
3.50 
3.52 
3.39 
3.65 
3.50 
3.35 
4.40 
7.65 
7.68 
6.70 
5.30 
4.25 
3.60 
3.62 


9.40 
8.50 
7.90 
7.30 
7.00 
6.36 
6.15 
6.00 
6.70 
5.60 
5.00 
4.60 
5.00 
6.60 
8.70 
8.30 
6.80 
5.50 
A.W 
4.90 
8.30 
17.30 
19.80 
17.50 
14.10 
11.30 
9.30 


4.24 
6.30 
13.95 
15.16 
20.98 
21.50 
20.92 
21.75 
38.52 
31.70 
24.73 
19.60 
15.96 
15.60 
19.23 
29.15 
28.89 
25.33 
24.51 
30.10 
27.80 
25.38 
24. 55 
50.00 
58.35 
56.36 
52.90 
49.06 
48.35 
46.35 


6.60 

12.25 

16.65 

14.80 

12.00 

11.20 

11.10 

11.50 

9.40 

7.60 

6.50 

6.20 

6.40 

5.50 

6.06 

4.80 

4.60 

4.10 

8.80 

3.35 

3.00 

2.75 

2.30 

2.20 

2.00 

1.97 

1.85 


July 


41.00 

33.88 

32.27 

32.13 

30.96 

27.31 

23.70 

20.80 

18.46 

15.96 

12.96 

11.06 

10.60 

12.90 

10.35 

8.50 

7.00 

6.00 

6.60 

6.35 

8.50 

8.00 

8.10 

8.70' 

7.40 

6.80 

9.20 

16.20 

13.60 

11.83 

11.05 


1.70 
1.73 
2.00 
2.30 
2.50 
2.30 
2.50 
2.40 
2.26 
2.10 
2.00 
1.70 
1.30 
.90 
.70 
.60 
.43 
2.60 
4.00 
5.70 
7.33 
6.00 
4.50 
3.20 
2.50 
2.00 


m   I 


8.15 
7.00 
6.90 
6.35 

1.70 
1.65 
1.65 

50 
05 
,90 
80 
60 


9.85 
8.00 
6.50 
6.15 
4.40 
3.80 
3.35 
3.00 
2.50 
2.30 
2.10 
2.00 
1.76 
1.60 
1.40 
1.50 
1.48 
1.40 
3.00 
4.40 
3.75 
3.00 
2.60 
2.55 
2.10 
4.48 
4.30 
3.25 
2.40 
2.10 
2.50 


0.70 

.GO 

,K"> 

1.00 

.80 

.75 

.60 

.50 

.35 

.26 

.20 

.65 

.65 

.80 

1.-20 

5.70 

17.00 

26.80 

22.30 

25. 70 

32.10 

32.50 

81.97 

26.80 

22.40 

18.30 

14.10 

9.8J^ 

7.90 

7.41 

7.10 


5.60 
5.00 
4.07 
4.30 
3.58 
2.80 
2.30 
1.90 
1.50 
1.40 
1.10 
.90 
.80i 
1.40 
5.45 
10.66 
8.95 

6.a« 

4.44 
3.35 
2.60  ; 
2.20  I 
1.87 
1.65 
1.60 
1.45 
1.30 
1.06 
.90 
.76 


51 
90 
40 


6.11 
6.10 
4.06 
3.60 
S.W) 
2.81 
2.35 
2.04 
1.90 
1.70 
1.50 
1.41 
1.30 
2. 52 
6.70 
8.00  I 
6.10  ! 
12.21  I 
16.00  i 
14.50  I 
10.60  , 
7.50 
5. 70  t 


Ot't 

Nov. 

0.75 

4.20 

.80 

6.10 

.60 

6.40 

.25 

6.65 

.40 

6.06 

.40 

4.46 

.80 

3.90 

1.80 

8.60 

3.90 

3.10 

6.05 

2.90 

6.10 

2.70 

14.30 

2.50 

-22.50 

2.40 

21.85 

2.26 

16.40 

2.20 

11.60 

2.10 

8.20 

2.05 

6.13 

2.00 

6.10 

1.96 

4.80 

3.90 

3.60 

8.40 

8.15 

10.26 

4.60 

12.60 

7.30 

11.00 

10.40 

9.45 

8.56 

15.90 

6.75 

22.20 

6.40 

21.00 

4.70 

17.35 

4.10 

14.00 

8.70 

6.40 

0.85 

6.91 

.«0 

9.0& 

.75 

6.?2 

1.00 

5.30 

1.10 

4.50 

1.10 

3.45 

1.05 

3.02 
2.50 
2.31 
2.10  ! 


1. 
3. 
3. 


2. 
2. 


2.91 
2.60 
2.91 

4.80 


95 
41 

:« 

3.97 

3.80 

3.51 

3.00 

2.70 

30 

,00 

1.81 

1.61 

1.45 

1.31 

1.20 

1.05 

.81 

.55 

.90 

.90 


1 


1.00 

.95 

.90 

.90 

.85 

1.00 

1.05 

00 

.98 

.90 

.93 

1.10 

1.30 

1.40 

1.70 

2.00 

2.  OS 

2.00 

1.95 

1.95 

2.00 

1.95 

1.91 


Dw. 


12.60 

9.65 

8.50 

7.90 

8.20 

10.20 

10.65 

9.65 

8.75 

8.15 

7.50 

6.90 

6.45 

6.40 

6.65 

6.45 

6.10 

5.75 

5.30 

5. 45 

6.30 

H.3'i 

11.90 

17.00 

18.70 

17.00 

14.60 

12. 50 

10.95 

10. 15 

14.20 


1.60 
1.50 
1.40 
1.40 
1.31 
1.95 
1.90 
2.  f)8 

2.  GO 

3.  SO 
5.00 
5.80 
5.70 
7.40 

31.00 

40. 75 

3'».00 

27.00 

21.50 

16.41 

12. 10 

9.95 

7.(K) 

C.80 

7.30 

8.34 

9.00 

10.9<J 

36.30 

49.00 

49.00 
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Daily  gage  height,  infeet,  of  Black  Warrior  River  at  Ttiscaloom — Continued. 


Day. 

Jan. 

44.00 

38.80 

34.10 

28.50 

24.80 

21. 16 

15.60 

14.00 

12.60 

11.00 

9.30 

8.50 

8.00 

7.30 

6.70 

6.11 

6.66 

6.00 

6.05 

7.81 

11.00 

16.15 

20.81 

20.81 

18.50 

16.85 

15.60 

20.00 

28.00 

27.87 

28.60 

Feb. 

Mar. 

Apr. 

May. 

10.85 
9.90 
8.32 
6.51 
6.50 
6.00 
4.75 
6.11 
6.16 
4.75 
4.86 
4.05 
8.76 
3.62 
8.15 
8.60 
6.01 
6.62 
6.10 
6.31 
4.66 
3.90 
8.60 
3.06 
2.82 
2.75 
2.36 
2.03 
1.95 
1.81 
1.65 

June. 

July. 

o.a5 

.30 
.15 
.00 
.00 
.03 
.05 
.te 
.15 
.20 
.25 
.25 
.15 
.15 
.10 
.10 
.05 
.tf) 
.04 
.03 
.03 
.04 
.04 
.10 
.11 
.10 
.11 
.07 

.a5 
.a5 

.04 

Aug. 

Sept. 

2.52 

2.20 

2.85 

4.87 

4.(>5 

3.50 

2.52 

2.00 

1.60 

1.32 

1.12 

,85 

.71 

.50 

.40 

.25 

.15 

.12 

.75 

2.21 

3.61 

8.92 

4.80 

4.60 

4.76 

4.83 

4.90 

6.20 

6.08 

6.66 



5.10 
5.15 
6.00 
4.91 
4.80 
4.78 
4.65 
4.46 
4.40 
4.42 
4.31 
4.26 
4.21 
4.19 
4.13 
4.10 
4.00 
4.03 
4.08 
4.03 
3.98 
3.94 
3.90 
8.89 
8.86 
3.80 
8.75 
3.70 
8.81 
3.95 

Oct. 

5.61 
6.50 
5.00 
5.50 
5.52 
5.31 
5. 15 
5.00 
4.95 
4.90 
9.65 
15.40 
14.90 
11.75 
8.98 
7.45 
6.40 
6.00 
5.83 
5.76 
6.60 
5.60 
5.52 
6.46 
6.36 
6.29 
5.00 
4.90 
4.91 
4.90 
4.92 

3.98 
3.95 
3.80 
3.75 
3.66 
8.98 
4.20 
4.70 
4.76 
4.90 
4.97 
6.10 
6.16 
4.95 
4.96 
4.93 
4.98 
6.01 
4.99 
4.98 
4.90 
4.85 
4.76 
4.65 
4.60 
4.50 
4.60 
4.60 
4.68 
4.76 
4.81 

Not. 

4.90 
4.89 
4.89 
4.90 
4.91 
4.94 
5.00 
4.»4 
4.94 
4.89 
4.89 
4.90 
4.90 
4.91 
4.90 
4.89 
4.90 
6.25 
5.50 
5.54 
6.50 
5.50 
6.45 
6.42 
6.69 
6.76 
13.90 
13.40 
10.42 
9.65 

5.03 
5.17 
5.68 
5..% 
5.21 
6.01 
4.98 
4.90 
4.88 
4.84 
4.80 
4.87 
4.91 
4.87 
4.92 
4.97 
4.98 
4.91 
4.90 
4.88 
4.86 
4.80 
4.78 
4.75 
4.73 
4.75 
4.74 
4.75 
4.T3 
4.70 

I>€M«. 

1902. 
1 

1 

37.80     49.87 

52.88 

4.5.50 

39.70 

35.00 

32.00 

29.00 

26.91 

32.70 

85.76 

32.81 

29.06 

26.00 

28.32 

20.61 

18.00 

15.82 

14.41 

12.93 

11.85 

10.57 

9.61 

8.80 

8.05 

7.72 

7.30 

7.05 

6.72 

6.41 

6.90 

6.76 

16.70 
16.66 
15.30 
14.12 
13.10 
12.30 
11.50 
11.16 
12.30 
22.35 
20.10 
16.50 
14.35 
21.20 
32.12 
28.20 
23.40 
18.35 
16.00 
14.50 
14.90 
17.95 
16.90 
13.81 
12.30 
11.30 
10.50 
10.00 
9.45 
8.95 

1.62 

1.48 

1.40 

1.52 

1.40 

1.80 

1.25 

1.15 

1.10 

1.06 

1.00 

.91 

.80 

.72 

.70 

.65 

.53 

.50 

.80 

1.00 

1.60 

1.70 

1.72 

1.80 

1.85 

1.50 

1.10 

.65 

.40 

.40 

0.04 

.05 

.08 

.15 

1.80 

2.30 

1.90 

1.35 

.81 

.69 

.49 

.48 

.39 

.25 

.18 

.15 

.14 

.10 

.06 

.05 

.01 

.10 

.12 

.15 

.10 

.08 

.15 

.61 

1.45 

1.68 

1.98 

6.95 
7.40 
8.65 
7.65 
6.95 
6.60 
6.80 
6.72 
6.55 
6.10 
6.35 
6.15 
6.10 
6.00 
5.96 
6.25 
6.60 
6.85 
7.82 
7.60 
6.91 
6.65 
6.10 
6.65 
6.45 
6.25 
5.15 
5.05 
4.95 
6.35 
5.15 

8.  .'*» 

2 

47.50 
48.40 
45.00 
40.00 
36.00 
31.00 
28.15 
24.38 
21.50 
18.00 
15.40 
13.00 
11.00 
11.60 
19.85 
21.81 
19.70 
17.56 
16.00 
14.51 
14.00 
13.60 
13.06 
12.50 
13.00 
14.00 
41.61 

13.35 
12.55 
13.76 
18.66 
35.00 
37.85 
36.00 
56.35 
55.86 
51.50 
62.00 
53.75 
61.10 
46.15 
41.11 
40.50 
56.65 
a56.75 
62.96 
46.75 
41.36 
36.50 
32.30 
28.85 
26.10 
23.96 
22. 00 
45.42 

48.10 
44.00 
37.50 
33.50 
35.78 
35.00 
81.61 
28.50 
25.61 
23.10 
20.40 
17.70 
16.62 
15.00 
17.50 
31.80 
29.60 
26.00 
21.30 
18.50 
17.65 
16.21 
18.80 
18.80 
19.00 
35.60 
60.86 
60.60 
68.80 
67.40 

9.  fi4> 

3 

13.  .V. 

4 

'   17-  lU 

5 

;    17-92 

6 

,    16.66 

7 

8 

14.  9U 
13.40 

9 

11.75 

10 

10.  -.ir* 

11 

9.  10 

12 

i<.rA} 

13 

«.05 

14 

7.?v» 

15 

7.  lA 

16 

15.00 

17 

29.6.1 

18 

•28.  H5 

19 

2;^.  9iJ 

20 

19.  ir» 

21 

16.30 

22 

l»s.00 

23 

20.  »> 

24 

26 

is.  10 
IS.  41 

26 

13.  .=iO 

27 

12.  UO 

28 

10.  ar. 

29 

lO.fp) 

30 

31 

11. lO 
12,  .SI 

I9c:j. 
1 

13.20 
13.75 
16.58 
23.50 
22.52 
19.81 
17.10 
15. 11 
13.31 
12.10 
12.63 
23.96 
28.41 
25. 75 
21.90 
19.01 
16.11 
14.50 
12.51 
11.85 
11.05 
10.84 
9.98 
9.51 
8.65 
8.25 
8.05 
9.85 
12.35 
14. 72 
14.55 

64.30 
62.41 
47.25 
41.42 
86.90 
33.11 
37.82 
86.60 
39.15 
39.20 
37.76 
86.12 
33.80 
36.15 
36.00 
33.84 
31.12 
28.65 
26. 15 
23. 50 
20.  a5 
18.80 
17.55 
16.15 
14.80 
18.48 
12. 40 
11.85 
11.62 
11.78 
13.50 

8.60 

8.15 

7.90 

7.75 

7.45 

7.15 

6.92 

6.89 

7.00 

6.90 

6.76 

7.05 

8.65 

14.36 

36.85 

43. 40 

43.10 

37.10 

30.65 

25.80 

21.55 

17.60 

18.85 

11.10 

9.80 

9.00 

7.80 
7.4=) 
7.15 
7.32 

9.60 

12.60 

14.21 

12.86 

12.40 

13.86 

16.88 

16.50 

12.20 

10.60 

10.86 

11.00 

10.35 

9.46 

8.30 

7.r,6 

7.08 

6.70 

6.45 

6.20 

6.23 

7.20 

6.95 

6. 75 

6.83 

7.80 

7.52 

7.15 

0. 91 

6.55 

6.43 
6.90 
6.65 
6.44 
6.80 
6.36 
6.16 
6.90 
6.75 
6.50 
6.25 
6.35 
6.52 
6.70 
6.55 
6.25 
6.90 
6.81 
5.70 
6.45 
5.10 
6.05 
4.75 
4.70 
4.8:i 
4.90 
4.80 
4.65 
7.85 
4.75 
6.50 

4.71 

2 

4.TJ 

3 

4.7H 

4 

4.M 

5 

4.  H.-» 

6 

4.H7 

7 

4.>^ 

8 

4.5*6 

9 

4..S*< 

10 

4.  S9 

11 

4.90 

12 

4.92 

13 

14 

4..S7 
4.  SS 

15 

4.  «7 

16 

17 

4.?<6 
4.8*; 

19 

4.«4 

4.  HO 

20 

4.92 

21 

5.05 

22 

5.28 

23 

24 

5.  l.S 
5-  «K 

2.1 

.%.  Trii 

26 

f*.  51 

27 

5.  :w 

28 

5.  1.-* 

29 

r*.  12 

30 

5,09 

31 

.\07 

1 

a  Maximum  57.10. 
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Rating  table  for  Black  Warrior  River  at  TmcoIoom  from  1896  to  1901, 


height. 

Dlachaige. 

Gage 
height. 

DiflcbATKC. 
Second'Jeet. 

1 

Gage 
height. 

DiftehArge.  • 
Sfwndrfeet. 

Gage 
height. 

Fed. 

Diachaige. 
Secfmd-/ert. 

/of. 

i>ec(md'feel. 

Peel, 

FfH, 

--2.0 

88 

3.0 

1,470 

7.0 

3,665 

11.0 

5,885 

-1.8 

92 

3.1 

1,520 

7.1 

3,715 

11.1 

5,935 

1.6 

100 

3.2 

1,570 

7.2 

3,765 

11.2 

5,985 

-1.4 

110 

3.3 

1,620 

7.3 

3, 815 

11.3 

6,035 

1.2 

120 

3.4 

1,670 

7.4 

3,865 

11.4 

6,085 

-1.0 

130 

3.5 

1,725  , 

7.5 

3,925 

11.5 

6,145 

.8 

150 

!         3.6 

1,780 

i        7.6 

3,985 

11.6 

6,205 

.6 

175 

3.7 

1,835. 

7.7 

4,045 

11.7 

6,265 

—  .4 

2a5  ' 

3.8 

1,890 

7.8 

4,105 

11.8 

6,325 

■     —  .2 

240 

3.9 

1,945 

7.9 

4,165 

11.9 

6,385 

.0 

280 

4.0 

2,000 

8.0 

4,220 

12.0 

6,440 

.1 

310 

4.1 

2,055 

8.1 

4,270 

12.1 

6,490 

.2 

340 

4.2 

2,111 

8.2 

4,320 

12.2 

6,540 

.3 

370 

4.3 

2,166 

8.3 

4,370 

12.3 

6,590 

.4 

400 

4.4 

2,222  ' 

8.4 

4,420 

12.4 

6,640 

-5 

430 

4.5 

2,277 

8.5 

4,480 

12.5 

6,700 

.6 

460 

4.6 

2,333 

8.6 

4,540 

12.6 

6,760 

!           -7 

490 

4.7 

2,388  ! 

8.7 

4,600 

12.7 

6,820 

.8 

530 

4.8 

2,444 

8.8 

4,660  ' 

12.8 

6,880 

.9 

565 

!        4.9 

2,500 

8.9 

4,720 

12.9 

6,940 

1.0 

600 

5.0 

2,555 

9.0 

4,775 

13.0 

6,995 

1.1 

635 

5.1 

2,610 

'         1 

9.1 

4,825  . 

13.1 

7,045 

1.2 

670 

5.2 

2,666 

9.2 

4,875 

13.2 

7,095 

1.3 

710 

1        5.3 

2,721 

9.3 

4,925 

13.3 

7,145 

1.4 

750 

5.4 

2,777 

9.4 

4,975  1 

13.4 

7,195 

1.5 

790 

5.5 

2,832 

9.5 

5,035 

13.5 

7,255 

1.6 

830 

5.6 

2,888 

9.6 

5,095 

13.6 

7, 315 

1.7 

870 

5.7 

2,943 

9.7 

5, 155  ] 

13.7 

7,375 

1.8 

910 

{).8 

3,000  ' 

9.8 

5,215 

13.8 

7,435 

1.9 

955 

1 

5.9 

1 

3,054 

9.9 

5,275  ' 

13.9 

7, 495 

2.0 

1,000 

1         6.0 

3,110 

10.0 

5,330 

14.0 

7,550 

2.1 

1,045 

6.1 

3,160 

lai 

5,380 

'         1 

14.1 

7,600 

2.2 

1,090 

6.2 

3,  210 

10.2 

5,430 

14.2 

7,660 

2.3 

1,135 

6.3 

3, 260 

10.3 

5,480 

14.3 

7,700 

2.4 

1,180 

6.4 

3, 310 

10.4 

5, 5:^0 

14.4 

7,750 

2.5 

1,225 

'        6.5 

3, 370 

10.5 

5,590 

14.5 

7,810 

2.6 

1,270 

'        6.6 

3,430 

10.6 

5,650  1 

14.6 

7,870 

2.7 

1,320 

6.5 

3,490 

10.7 

5, 710 

14.7 

7,930 

2.8 

1,370 

6.8 

3,550 

10.8 

5,  770 

14.8 

7,990 

2.9 

1,420 

1 

6.9 

1 

3,610 

io;9 

5,830 

14.9 

8,050 
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Estimated  monthiy  difcharge  of  Black  Warrior  River  at  T\i9eaioom. 

[Drainage  area.  4,900  nqtiare  miles.] 


MoDth. 


Dlschaige  in  necond-feet. 


Maxtmnm. 


1895. 


January  . . . 
Fi'bniary . 

March 

April 

Mav 

June  .' 

July 

Aogasl 

September 
October  ._ 
November 
December 


103, 400 

14,830 

109,000 

14,700 

13,860 

3,665 

9,970 

2,500 

1,835 

310 

750 

11,600 

109,000 


The  vear 

1896. 

January 24, 610 

February I      47 ,  000 

March I      52,600 

April ;      14,100 

49,800 

9,970 

4,420 

750 

400 

260 

600 

4,045 


Mav 

.June 

July 

Angost 

.September 
« K»tober  . . . 
November 
December  . 


The  year 52,600 


Minimum. 


2,777 

4,775 

4,540 

3,665 

2,000 

1,000 

1,000 

565 

310 

140 

280 

530 


2,444 

3,665 

3,160 

2,721 

1,370 

1,090 

460 

310 

120 

120 

120 

430 


120 


Ifeet. 

Run-off. 

Mean. 

Second-feet 

Depth  in 
incbea, 

25,464 

5.20 

6.00 

7,603 

1.55 

1.61 

39,977 

8.16 

9.42 

6,895 

1.41 

1.57 

5,511 

1.12 

1.29 

2,133 

.44 

.49 

3,581 

.73 

.84 

1,098 

.22 

.25 

883 

.18 

.20 

233 

.05 

.06 

488 

.10 

.11 

2,021 

.41 

.47 

7,991 

1.63 

22.31 

5,981 

1.22 

1.41 

19, 161 

3.91 

4.22 

12,996 

2.65 

3.06 

6,072 

1.24 

1.38 

7,420 

1.51 

1.74 

2,910 

.59 

.65 

1,232 

.25 

.29 

478 

.10 

.12 

201 

.04 

.04 

157 

.03 

.03 

307 

.06 

.07 

955 

.19 

.22 

4,822 

.98 

13.23 
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Estimated  montfUy  digcharge  of  Black  Warrior  River  at  Tuscaloom — ContinuecL 


Month. 


1897. 

Jannary  

February 

March 

April 

May 

Jane 

July 

August 

September 

October 

November 

December 

The  year  . . . 

1898. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December  . « 

The  year  . . . 


DiBchangre  in  second-feet. 


Run-off. 


Maximum. 


10,500 

17,440 

120,080 

25,285 

11, 195 

1,697 

7,810 

1,595 

600 

102 

125 

29,000 


120,080 


75,000 

12,230 

17,120 

55,800 

6,060 

710 

1,395 

7,600 

670 

2,444 

6,265 

14,580 


75,000 


Minimum. 


385 

1,945 

4,540 

2,610 

1,000 

260 

240 

355 

102 

90 

107 

115 


90 


1,972 

1,752 

1,370 

4,295 

370 

160 

250 

430 

140 

130 

280 

1,045 


130 


Mean. 


3,493 
8,409 
52,883 
9,657 
3,600 

715 
1,809 

701 

295 
93 

115 
5,549 


7,277 


16, 577 

3,902 

3,626 

15,620 

1,766 

303 

549 

1,785 

252 

880 

1,626 

3,763 


Second-feet 

per  square 

mile. 


4,221 


o.n 

1.72 
10.79 

1.97 
.73 
.15 
.37 
.14 
.06 
.02 
.02 

1.13 


1.48 


3.38 
.80 
.74 

3.19 
.36 
.06 
.11 
.36 
.05 
.18 
.33 
.77 


Depth  in 
inches^ 


0.82 

1.79 
12.44 

2.20 
.84 
.17 
.43 
.16 
.07 
.02 
.03 

1.30 


20.27 


3.90 
.83 
.85 

3.56 
.41 
.07 
.13 
.41 
.06 
.21 
.37 
.89 


.86 


11.09 
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Ea^mated  monthly  duckarge  of  Black  Warrior  River  at  TKucalooM — Continoed. 


Month. 


1899. 


January  . . . 
February . . 

March 

April. 

May 

June 

July 

Aogost 

September. 
October. . . 
November 
December 


The  year  . . . 

1900. 

January 

February 

March 

April 

May 

Jane 

July 

August 

September 

October 

November , 

December 


Diachuire  in  second-feet. 


Maximum. 


81, 375 

90,375 

122, 625 

32,800 

4,165 

1,000 

5,035 

3,370 

670 

175 

5,590 

47,650 


122,625 


29,760 
76, 312 
87,750 

136,687 
11, 825 

115,312 
52,000 
5,245 
5,680 
13,000 
12,700 
10,150 


The  year 136,687 


Minimum. 


2,222 

10,030 

5,330 

4,540 

790 

175 

160 

370 

110 

92 

127 

460 


92 


2,277 

2,555 

8,280 

5,302 

1,645 

2,138 

2,888 

750 

512 

355 

977 

2,721 


355 


Mean. 


18,118 

30,923 

35,308 

11,901 

2,092 

448 

1,111 

963 

200 

130 

721 

8,880 


9,233 


9,857 

18,356 

27, 105 

48,426 

3,702 

32, 614 

10,952 

1,674 

1,580 

3,382 

3,701 

5,119 


13, 872 


Rnn-off. 


Second-feet 


3.70 

6.31 

7.21 

2.43 

.43 

.09 

.23 

.20 

.04 

.03 

.15 

1.81 


1.89 


2.01 

3.75 

5.53 

9.88 

.76 

6.66 

2.24 

.34 

.32 

.69 

.76 

1.05 


Depth  in 
inches. 


4.27 

6.57 

8.31 

2.71 

.49 

.10 

.26 

.23 

.04 

.03 

.17 

2.09 


25.27 


2.32 

3.90 

6.37 

11.02 

.88 

7.43 

2.59 

.39 

.36 

.80 

.85 

1.21 


38.12 
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Iktily  gage  height^  in  feet,  of  Black  Warrior  River  at  7li«;aZ(v>9a— Continued. 


Day. 


18W 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 

1895 

1 

2 

3 

4 

5 

6 

7 

8... 

9 

lU 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


Jan. 


10.30 
9.60 
7.90 
6.20 
5.40 
6.40 
16.80 
22.60 
19.70 
26.90 
34.50 
85.80 
30.90 
25.80 
22.20 
23.60 
24.80 
22.40 
19.80 
15.90 
14.10 
18.60 
21.80 
19.90 
17.60 
15.50 
11.00 
12.40 
11.10 
10.00 
9.10 


Feb. 


6.10 
6.40 
6.80 
9.00 
8.80 
8.00 
7.40 
85.00 
50.60 
49.80 
45.10 
40.10 
85.00 
29.80 
25.70 
28.40 
81.20 
82.90 
29.20 
25.80 
28.10 
21.60 
21.60 
19.80 
17.40 
16.70 
20.00 
21.20 
22.00 
27.40 
27.10 


8.50 
7.80 
7.30 
7.90 
16.90 
22.60 
20.40 
17.80 
17.30 
26.00 
27.80 
25.40 
29.90 
32.10 
29.70 
26.00 
22.80 
19.10 
16.80 
16.00 
16.90 
17.90 
17.00 
16.10 
17.30 
29.30 
81.00 
28.80 


24.10 

21.50 

21.40 

21.40 

19.90 

17.90 

16.60 

16.80 

16.90 

15.80 

14.60 

14.10 

13.90 

12.80 

11.60 

10.50 

9.40 

9.00 

9.00 

9.50 

10.20 

10.90 

11.40 

11.30 

10.90 

10.80 

9.70 

9.00 


Mar. 


27.00 
25.60 
2:).  60 
21.00 
18.20 
15.90 
14.80 
14.40 
13.80 
12.60 
11.60 
11.50 
16.60 
17.80 
15.80 
15.50 
88.10 
86.70 
88.70 
29.50 
27.80 
29.30 
29.60 
28.00 
27.80 
25.30 
22.10 
19.00 
16.10 
14.80 
12.70 


8.60 
18.20 
85.30 
86.70 
32.40 
27.80 
23.80 
20.60 
20.10 
19.30 
17.50 
17.20 
18.40 
24.90 
87.50 
47.40 
52.00 
47.80 
42.10 
38.80 
48.70 
51.30 
47.60 
42.10 
87.30 
82.80 
29.10 
26.10 
23.60 
21.10 
18.60 


Apr. 


11.40 
14.10 
23.50 
24.00 
22.20 
20.60 
18.90 
16.30 
14.70 
15.70 
25.00 
25.60 
22.70 
19.60 
16.80 
15.50 
16.00 
17.00 
25.80 
24.80 
24.00 
20.40 
17.80 
14.20 
12.20 
10.50 
9.80 
8.70 
7.90 
7.00 


16.20 

14.50 

12.60 

11.00 

10.20 

8.40 

7.90 

20.60 

24.00 

21.20 

18.00 

15.10 

12.60 

11.00 

9.50 

8.60 

10.00 

16.90 

15.80 

14.00 

12.00 

10.40 

8.90 

8.00 

7.20 

7.00 

7.10 

12,50 

15.00 

16.40 


May. 


6.50 
5.90 
5.90 
5.80 
5.50 
5.20 
5.10 
4.90 
4.60 
4.10 
8.70 
8.90 
4.80 
7.00 
6.20 
5.70 
5.10 
5.00 
4.70 
4.20 
8.60 
8.10 
2.80 
,60 
,40 


30 
10 
10 
00 
1.90 
1.90 


15.20 

18.00 

11.00 

9.40 

8.30 

7.40 

7.00 

8.20 

13.60 

19.70 

23.80 

22.00 

18.50 

15.20 

12.20 

9.70 

8.00 

6.90 

6.30 

5.90 

5.30 

4.80 

4.30 

4.10 

4.00 


4. 
5. 


30 
60 


11.00 

18.30 

11.20 

8.90 


June. 


1.70 

1.60 

1.60 

1.85 

1.88 

1.20 

1.20 

1.10 

.95 

.90 

.80 

.80 

.70 

.60 

.60 

.60 

.65 

.60 

.60 

.70 

.85 

.80 

.95 

1.10 

1.00 

1.05 

1.40 

1.70 

2.85 

2.60 


7.00 
5.90 
5.10 
4.60 
4.20 
6.70 
5.70 
5.10 
30 
80 
10 
70 
2.40 
2.20 
2.00 
2.00 
2.70 
3.30 
4.20 
4.90 
4.70 
4.30 
4.10 
3.70 
3.40 
8.00 
4.40 
5.40 
6.00 
5.40 


July, 


2.50 

1.80 

1.35 

1.10 

.80 

.60 

1.00 

1.80 

.70 

.70 

.60 

.60 

.50 

.50 

.60 

.70 

.75 

.70 

.70 

.60 

.50 

.90 

1.80 

1.85 

1.60 

1.60 

1.40 

1.30 

.20 

1.10 

1.20 


Aug. 


4.80 

4.50 

5.40 

7.60 

17.40 

17.70 

18.40 

15.70 

13.10 

11.10 

9.80 

7.90 

6.60 

5.80 

5.40 


5. 
6. 
5. 
6. 


,60 
.90 
80 
10 
4.60 
4.00 
3.60 
3.40 
8.30 
3.60 
3.70 
8.80 
2.90 
2.40 
2.00 
2.10 


1.20 

1.80 

1.40 

1.95 

2.80 

2.40 

2.00 

1.60 

1.80 

1.10 

.80 

.70 

.60 

.60 

.85 

.60 

.55 

.45 

.40 

.55 

1.00 

1.35 

8.80 

5.80 

9.20 

16.00 

20.40 

16.00 

11.80 

8.80 

6.80 


1.80 
1.50 
1.80 
1.20 
1.20 
1.20 
1.10 
1.00 
.90 
.97 
1.40 
1.50 
1.40 
1.30 
1.10 
1.30 
1.40 
2.00 
4.00 
4.30 
8.60 
2.80 
2.40 
4.80 
4.90 
4.00 
8.20 
2.40 
2.80 
2.10 
2.00 


Sept. 


5.80 
4.60 
3.60 
2.95 
2.45 
2.06 
1.85 
1.75 
1.65 
1.60 
1.85 
3.40 
5.60 
7.60 
5.70 
4.20 
8.25 
8.60 
8.25 
3.25 
4.10 
8.60 
2.90 
2.20 
1.75 
1.45 
1.20 
1.06 
.90 
.70 


1.90 
1.80 
1.80 
1.70 
1.90 
2.60 
8.05 
8.70 
8.40 
2.90 
2.40 
2.20 
2.10 
2.00 
1.80 
1.60 
1.40 
1.40 
1.80 
1.00 
1.20 
1.50 
1.30 
1.10 
.80 
.60 
.85 
.10 
.50 
.80 


Oct. 


0.55 
.45 
.40 
.32 
.25 
.20 
.15 
.00 

-  .10 

-  .20 

-  .25 

-  .30 

-  .80 

-  .80 

-  .80 
.30 
.80 
.30 
.80 
.80 
.80 
.80 
.30 
.85 
.40 
.40 
.45 
.45 
.45 
.20 
.05 


Nov. 


—  .30    + 


0.10 
.00 

-  .07 

-  .10 

-  .10 

-  .10 

-  .10 
.00 

-  .03 

-  .07 

-  .10 
.14 

-  .14 

-  .06 
.01 

-  .08 

-  .18 

-  .27 

-  .31 
.37 

-  .42 
.45 

-  .50 
.85 
.83 
.63 

-  .70 

-  .68 

-  .67 

-  .60 

-  .32 


—0.06 

—  .10 

—  .20 

—  .25 

—  .80 

—  .30 

—  .80 

—  .30 

—  ,80 

—  .80 

—  .30 

—  .80 

—  .80 

—  .15 
.00 
.06 
.06 
.05 
.00 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.06 
.06. 
.06 
.05 
.05 


-0,04 

+  .07 

.12 

.09 

.11 

.25 

.81 

.30 

.28 

.70 

1.20 

1.10 

1.18 

1.85 

1.85 

1.28 

1.20 

1.05 

.88 

.82 

.70 

.60 

.60 

.75 

.60 

.38 

.64 

,65 

.65 

.60 


Det'. 


—0.06 

-  .06 

.00 

.00 

.00 

.00 

.00 

■I-  .05 

.06 

.60 

2.10 

5.70 

10.40 

11.20 

8.90 

6.40 

4.90 

8.90 

8.20 

2.90 

2.60 

2.20 

2,00 

1.80 

1.70 

2,00 

7.70 

9.  TO 

8.40 

7.20 

6.50 


0.75 

,95 

1.05 

1.00 

.90 

1,80 

1.60 

1,45 

1.90 

1.80 

1.45 

1,40 

1,40 

1.37 

1.83 

1.28 

1.12 

1.05 

1,02 

1.57 

2.55 

2.60 

3.03 

8,65 

3.81 

4.60 

10.40 

21.02 

16.88 

13.10 

11.67 
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DdUy  gage  heighi,  in  feet,  of  Black  Warrior  Rh'er  at  TSucahaaa — Continued. 


Day. 


1896 


1 

o 

3 

4 


Jan. 


H 
«^ . 

10 

11 

12 

13 

U 

15 

16. 

17 

IS. 

19. 

20. 

21 

22 

23 

24 

2r* 

26 

27 

»* 

29 

ao 

31 


1 

2 
3 
4 
5 
6 
7, 

9 
10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
20 
21 
22 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1»7. 


11.41 

10.26 

8.90 

7.60 

6.55 

5.74 

5.09 

5.24 

6.76 

6.46 

6.68 

6.25 

5.79 

5.26 

4.82 

4.87 

6.08 

8.61 

9.14 

8.58 

7.87 

8.85 

22.47 

29.26 

26.52 

22.44 

18.55 

14.92 

12.14 

10.18 

8.88 


Feb. 


I 


0.34 

.47 

.40 

.90 

1.24 

1.U 

1.40 

2.60 

2.66 

2.30 

2.08 

1.76 

1.52 

1.33 

1.23 

8.23 

9.70 

13.10 

19.35 

18.70 

17.43 

18.64 

16.62 

13.30 


7.92 

8.51 

21.98 

83.12 

80.02 

80.75 

85.92 

85.06 

86.21 

86.52 

83.65 

29.45 

25.97 

27.41 

33.25 

31.02 

27.80 

23.65 

20.09 

17.00 

14.45 

12.20 

10.32 

9.18 

&60 

8.35 

7.90 

7.40 

7.00 


Mar. 


3.90 

6.00 

11.50 

12.60 

11.70 

12.37 

16.24 

18.70 

21.04 

19.80 

17.90 

28.42 

25.90 

23.84 

20.80 

16.96 

14.04 

11.72 

9.97 

8.77 

8.06 

8.82 

11.00 

20.20 


10.60 

21.24 

8.  GO 

18.97 

7.20 

16.18 

6.00 

18.81 

5.10 

4.42 

3.80 

6.91 
7.66 
7.41 
6.74 
6.14 
6.64 
10.18 
12.04 
14.89 
18.69 
12.45 
13.97 
16.15 
15.85 
13.56 
13.86 
22.30 
27.75 
29.70 
37.68 
37.92 
33.55 
29.12 
25.85 
23.54 
21.28 
18.72 
16.35 
14.30 
12.69 
U.40 


11.14 
9.57 
8.58 
8.72 
10.14 
16.83 
•51.42 
54.77 
51.59 
44.69 
40.54 
42.58 
48.70 
50.96 
48.57 
45.20 
47.21 
46.72 
42.90 
42.67 
44.54 
41.50 
37.70 
85.66 
32.40 
28.86 
25.60 
28.15 
20.33 
17.52 
14.96 


Apr. 


10.61 

14.78 

28.00 

23.50 

19.85 

16.70 

14.26 

12.55 

11.20 

10.02 

9.04 

8.83 

7.62 

7.86 

11.65 

13.90 

12.86 

10.57 

9.03 

7.81 

6.88 

6.15 

5.56 

5.67 

5.76 

5.80 

5.26 

10.47 

16.06 

14.18 


13.90 

15.28 

22.20 

21.11 

22.00 

26.95 

25.32 

22.10 

21.80 

29.27 

29.57 

25.48 

21.60 

18.10 

16.32 

18.43 

18.33 

15.92 

18.66 

11.86 

10.45 

9.24 

8.16 

7.87 

6.80 

6.87 

5.90 

5.49 

5.10 

5.90 


May. 


18.24 

88.80 

37.18 

80.88 

26.40 

21.93 

17.88 

18.95 

10.80 

8.60 

7.11 

6.09 

6.84 

4.77 

6.13 

5.46 

4.66 

8.94 

8.44 

8.05 

2.91 

2,77 

2.87 

2.90 

2.87 

2.97 

3.66 

3.59 

6.62 

6.50 

5.78 


9.51 
9.95 
9.22 
7.66 
6.23 
5.86 
4.67 
4.20 
8.87 
8.50 
8.20 
8.64 
11.40 
20.36 
20.46 
16.59 
12.68 
9.77 
7.73 
6.35 
5.87 
4.66 
4.13 
8.70 
8.45 
3.13 
2.90 
2.60 
2.28 
2.09 
2.00 


June. 


4.92 
4.28 
3.50 
6.44 
6.24 
4.30 
8.62 
8.27 
6.60 
8.18 
18.89 
15.13 
10.77 
7.66 
5.60 
4.38 
4.74 
4.20 
6.18 
6.00 
5.32 
4.91 
4.46 
4.19 
4.04 
3.37 
2.85 
2.69 
2.54 
2.21 


1.83 

1.76 

1.70 

2.01 

1.96 

2.66 

8.44 

2.87 

2.25 

1.85 

1.60 

1.89 

1.24 

1.11 

.95 

.85 

.75 

.63 

1.30 

1.45 

1.11 

.80 

.65 

.83 

.23 

.16 

.12 

.08 

.00 

.06 


July. 


1.94 
1.71 
1.44 
1.48 
1.80 
1.15 
1.32 
2.20 
8.40 
6.98 
6.37 
8.95 
2.99 
2.45 
2.16 
2.13 
2.15 
2.42 
2.46 
2.24 
2.16 
1.90 
1.71 
2.06 
2.58 
2.17 
1.70 
1.28 
.94 
.76 
.61 


-0.16 

-  .18 

-  .20 

-  .18 
-  .05 

1.63 
8.40 
8.90 
8.71 
8.05 
2.68 
2.42 
2.16 
1.86 
1.46 
1.16 
.97 
1.50 
3.60 
12.50 
14.50 
11.30 
8.42 
6.64 
4.77 
8.46 
2.72 
2.92 
2.15 
1.80 
1.62 


Aug. 


0.53 
.80 

1.84 
.89 
.64 
.42 
.50 
.60 
.68 
.64 
.65 
.45 
.38 
.85 
.81 
.26 
.13 
.40 
.50 
.40 
.34 
.29 
.22 

1.06 
.95 
.79 
.77 

1.35 

1.90 
.95 
.60 


1.36 

1.08 

.87 

.62 

.50 

.40 

.25 

.24 

1.10 

2.10 

.8.26 

8.22 

2.73 

2.27 

1.68 

1.28 

1.00 

.73 

.52 

1.58 

1.78 

1.58 

1.33 

1.08 

1.27 

.97 

.80 

.61 

.54 

.46 

.31 


Sept. 


0.38 
.25 
.15 
.05 

-  .06 

-  .16 

-  .23 
.30 
.37 

-  .44 

-  .44 

-  .46 
.50 

-  .60 
.69 

-  .59 
.60 
.60 
.60 
.61 
.64 
.64 
.86 
.45 

-  .61 
.64 
.71 

•  .76 
.67 
.55 


0.60 
.96 

1.02 
.92 
.76 
.62 
.51 
.47 
.42 
.86 
.29 
.23 
.14 
.11 
.10 
.06 
.01 

-  .05 

-  .36 

-  .75 

-  .96 
-1.07 
-1.17 
-1.26 
-1.24 


+ 


i_ 


Oct. 


0.62 
.62 
.66 
.20 
.78 
.74 
.68 
.40 
.09 
.16 
.28 
.28 
.48 
.49 
.46 
.48 
.60 
.68 
.78 
.82 
.82 
.84 
.81 
.78 
.80 
.82 
.82 
.78 
.80 
.80 
.78 


1.65 

-1.71 

1.72 

-1.75 


1. 
■1. 


-1.36 
-1.41 
-1.44 
-1.50 
-1.56 


79 

.86 

-1.79 

-1.85 

-1.88 

1.90 

-1.90 

-1.88 

-1.89 

1.92 

-1.92 

-1.92 

-1.90 

-1.90 

-1.90 

-1.88 

-1.88 

1.77 

-1.64 

-1.58 

-1.68 

1.63 

1.61 

1.64 

1.61 

1.63 

-1.63 


Nov. 


-0.78 

-  .77 

-  .42 

-  .39 

-  .88 

-  .19 

-  .19 

-  .17 

-  .18 

-  .21 

-  .80 

-  .20 

-  .22 

-  .11 

-  .10 

-  .01 
+  .26 

.46 
.52 
.45 
.39 
.88 
.88 
.87 
.87 
.37 
.98 
.09 
.83 
1.00 


-1.89 
-1.30 
-1.29 
-1.81 
-1.33 
-1.28 
-1.27 
-1.27 
-1.17 
-1.13 
-1.10 
-1.14 
-1.17 
-1.25 
-1.26 
-1.27 
-1.83 
-1.35 
-1.86 
1.36 
-1.86 
-1.37 
-1.42 
1.44 
-1.40 
1.36 
-1.36 
-1.28 
1.22 
1.24 


M^fSC* 


7.70 

6.82 

4.63 

3.40 

2.60 

2.05 

1.70 

1.47 

1.21 

1.10 

.89 

.84 

.80 

.75 

1.20 

1.26 

1.25 

1.60 

1.90 

1.70 

1.60 

1.88 

1.20 

.96 

.92 

.77 

.71 

.59 

.52 

.48 

.48 


-1.28 

-1.12 

-  .48 

-Hi.  29 

13.10 

14.24 

10.72 

7.39 

5.12 

8.72 

8.05 

2.70 

2.56 

3.05 

8.54 

4.12 

4.10 

3.78 

8.50 

3.82 

6.70 

19.58 

31.00 

29.96 

24.08 

18.97 

15.67 

13.10 

11.00 

9.38 

8.00 
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Daily  gage  heighty  infeet^  of  Black  Warrior  River  at  Tuscaloosa — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

11.34 

9.82 

8.67 

7.68 

6.88 

6.20 

5.59 

5.00 

4.50 

4.20 

3.91 

3.50 

3.21 

2.88 

2.58 

2.30 

2.08 

1.97 

1.64 

1.43 

1.23 

1.07 

1.00 

.93 

.78 

.57 

.43 

.48 

.62 

.44 

.30 

7.90 
7.00 
6.30 
5.80 
5.30 
4.80 
4.40 
4.40 
7.60 
6.50 
5.10 
4.30 
4.20 
4.30 
4.70 
4.30 
3.70 
3.30 
2.80 
2.70 
3.70 
3.80 
3.30 
3.10 
2.70 
2.:i0 
2.00 
1.75 
1.50 
1.60 
2.60 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec- 

1898. 
1 

7.10 

6.2S 

5.52 

4.96 

4.41 

4.17 

4.13 

4.18 

4.17 

3.97 

4.00 

4.18 

6.70 

9.70 

11.97 

11.71 

15.00 

15.53 

14.32 

24.50 

33.54 

31.42 

28.50 

30.38 

30.12 

42.50 

43.48 

39.41 

33.80 

28.60 

24.90 

4.40 
4.50 
4.60 
4.70 
4.70 
11.20 
42.50 
49.30 
46.60 
40.40 
33.70 
31.90 
28.00 
25.00 
22.20 
20.'00 
19.60 
20.10 
18.60 
16.10 
14.00 
12.20 
11.00 
11.00 
20.30 
29.30 
26.20 
22.60 
18.60 
15.70 
14.80 

21.68 
18.30 
14.90 
12.12 
10.15 
9.42 
8.90 
8.43 
7.84 
7.30 
6.68 
6.30 
6.20 
6.08 
5.86 
6.40 
5.00 
4.90 
4.83 
4.81 
4.70 
4.48 
4.30 
4.00 
3.83 
3.64 
3.56 
3.72 

3.67 
3.78 
4.03 
4.05 
3.98 
8.90 
3.57 
3.33 
3.12 
3.0O 
2.90 
2.83 
2.80 
3.00 
4.80 
8.00 
15.40 
14.10 
11.92 
10.08 
8.82 
7.80 
6.96 
6.80 
6.00 
5.90 
5.53 
5.12 
6.23 
13.40 
25.68 

25.60 
22.40 
18.50 
15.31 
20.82 
38.70 
38.55 
32.83 
27.70 
23.04 
19.60 
17.03 
15.01 
12.93 
11.65 
10.78 
9.60 
8.63 
8.16 
27.80 
33.11 
28.45 
23.77 
22.72 
24.04 
22.62 
19.67 
17.12 
15.05 
13.03 

0.23 
.08 
.23 
.27 
.27 
.16 
.02 

-  .10 

-  .29 

-  .41 

-  .64 

-  .62 

-  .71 

-  .62 

-  .53 

-  .38 

-  .48 

-  .56 

-  .30 

-  .21 
.00 
.07 
.18 
.30 
.17 
.06 

1.80 

1.10 

.46 

.68 

0.66 
.43 
.30 
.53 
.16 
.10 

-  .18 

-  .04 

-  .04 
+  .10 

.08 

-  .07 

-  .10 

-  .07 

-  .11 

-  .07 

-  .14 
.00 

1.24 
1.30 
1.12 
.88 
.47 
1.08 
1.95 
2.60 
2.00 
1.80 
2.03 
2.55 
2.86 

.10 
.80 
.30 

-  .70 

-  .10 

-  .30 

-  .20 

-  .30 

-  .40 

-  .40 

-  .40 

-  .50 

-  .60 

-  .60 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .60 

-  .50 

-  .20 
+  .60 

4.90 
7.60 
7.40 
7.90 
9.50 
9.30 
8.60 

2.46 
1.96 
2.46 
2.80 
2.96 
3.90 
3.40 
3.10 
3.96 
6.20 
12.20 
14.10 
10.60 
7.80 
6.00 
3.60 
2.62 
1.91 
1.50 
1.46 
1.12 
1.26 
1.20 
.90 
.50 
1.10 
1.02 
.98 
1.30 
1.52 
1.66 

6.50 

4.90 

3.40 

2.70 

2.00 

1.90 

1.80 

1.30 

1.20 

1.10 

2.00 

1.70 

1.30 

.90 

.60 

.40 

.30 

.30 

.60 

.60 

.70 

1.50 

2.60 

2.60 

2.60 

2.30 

2.10 

1.90 

1.60 

1.50 

1.10 

1.20 
.82 
.70 
.30 
.00 

-  .10 

-  .30 

-  .20 
.00 
.20 
.40 
.20 
.00 

-  .30 

-  .30 

-  .40 

-  .60 

-  .70 

-  .70 

-  .80 

-  .90 

-  .50 

-  .60 
~  .70 

-  .80 

-  .90 

-  .90 

-  .80 

-  .90 

-  .60 

-0.60 

-  .70 

-  .80 

-  .90 
-1.00 

-  .90 
-  .90 

-  .70 

-  .30 
+2.00 

3.30 
2.60 
"2.00 
1.40 
1.00 
.80 
.40 
.80 
.80 
1.20 
3.10 
3.80 
4.10 
4.80 
4.80 
3.90 
2.90 
2.30 
2.00 
1.40 
1.10 

-1.60 
-1.61 
-1.80 
-1.79 
-1.51 
-1.48 
-1.46 
-1.84 
-1.30 

-  .96 

-  .78 

-  .72 

-  .70 

-  .88 

-  .94 
-1.03 
-1.07 
-1.12 
-1.16 

-1.12 
-1.10 

-  .84 

-  .73 

-  .71 

-  .88 

-  .94 
1.02 

-  .60 
.73 

-  .96 
-1.03 

0.90 

.70 

.60 

.40 

.00 

.30 

.60 

.40 

.40 

.60 

.50 

.40 

.60 

.80 

I.IO 

1.80 

1.50 

1.60 

1.90 

2.20 

2.50 

4.00 

8.60 

11.70 

11.60 

9.50 

7.40 

5.90 

5.50 

6.30 

-1.03 
-1,02 
-1.03 

-  .99 
-1.00 
-1.02 
-1.03 

1.08 
-1.08 
-1.01 
-1.01 

-  .98 

-  .96 

-  .98 

-  .99 
-1.00 

.97 

-  .97 

-  .95 

-  .96 

-  .92 

-  .89 

-  .33 
+  .17 

.88 
2.60 
4.60 
10.48 
9.49 
6.67 

5.40 

2 

5.50 

3 

5.40 

4 

5.00 

5 

4.70 

6 

4.50 

7 

5.00 

8 

5.00 

9 :::;:. 

4.70 

10 

4.20 

u 

8,70 

12 .- 

3.30 

13 

3.00 

14 

2.«0 

15.:...:.:::..:. 

2.60 

16 

2.  .W 

17 

2.40 

18 

2.  10 

19 

4.40 

20 

18.80 

21 

23.90 

22 

21.30 

23 

17.40 

24 

13.30 

25 

10.  !^i 

26 

8.60 

27 

28 

7.30 
6.20 

29 

30 

5.60 
5.00 

31 

4.70 

1899. 
1 

26.10 
29.50 
27.00 
29.00 
45.60 
50.60 
51.40 
61.70 
48.60 
43.10 
87.80 
32.80 
28.80 
25.70 
22.90 
21.60 
19.90 
20.10 
20.80 
20.60 
19.60 
18.50 
22.70 
23.10 
20.90 
18.50 
•23.50 
39.00 

37.70 
32.00 
27.70 
24. 10 
21.00 
20.80 
19.50 
16.90 
14.40 
12.90 
11.90 
11.30 
10.00 
28.80 
44.50 
59.30 
60.30 
67.70 
52.40 
49.30 
46.80 
41.60 
36.80 
33.00 
29.50 
26.50 
24.20 
22.30 
21.10 
19.30 
18.10 

30.80 
29.20 
24.80 
22.00 
23.20 
22.60 
23.30 
33.90 
34.00 
80.80 
27.00 
23.60 
20.10 
17.20 
14.90 
13.00 
11.60 
10.50 
9.80 
9.60 
9.50 
8.70 
8.60 
11.30 
13.60 
13.20 
12.60 
11.40 
10.00 
8.90 

2.00 

1.50 

1.20 

1.00 

1.00 

.90 

1.00 

.80 

.40 

.40 

.60 

.50 

.60 

.50 

.50 

.70 

.60 

.40 

.30 

.20 

.10 

.40 

-  .10 
.10 

-  .60 
+  .20 

.20 
.20 
.20 
.10 

1.20 
.70 
.62 
.23 

-  .02 

-  .17 

-  .38 

-  .40 

-  .46 

-  .68 

-  .73 

-  .79 
~  .71 

-  .73 

-  .78 

-  .88 

-  .86 

-  .88 

-  .90 

-  .92 

-  .94 

-  .99 
-1.03 
-1.06 
-1.04 
-1.05 
-1.04 
-1.18 
-1.28 
-1.38 

- 

4-s:? 

2 

3.  ."iO 

3 

2.77 

4 

2.  03 

5 

1.50 

6 

l.'£t 

7 

.98 

8 

.88 

9 

.58 

10 

.60 

11 

2,20 

12 

23.50 

13 

39.53 

14 

86.71 

15 

26.50 

16 

20.63 

17 

15.21 

18 

10.83 

19 

8.02 

20 

8.09 

21 

22 

23 

9.63 
10.80 
10.63 

24 

22.  Ol 

25 

29. 04 

26 

25.91 

27 

20.98 

28 

17.09 

29 

16.80 

30 

14.62 

31 

12. 51 

H^LL.] 
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TkxUy  gage  height,  in  feet,  of  Black  Warrior  Jiirer  at  Tu^aloom. — Continue<i. 


Dnj. 

Jan. 

Feb. 

6.92 
6.40 
5.00 
5.71 
6.40 
9.58 
11.60 
10.63 
12.23 
20.60 
23.00 
20.64 
41.37 
47.96 
46.73 
40.23 
34.74 
29.75 
25.88 
22.43 
19.90 
23.68 
26.60 
24.20 
22.88 
21.00 
18.63 
16.62 

16.10 
14.80 

15.  do 

36.20 

42.00 

38.35 

32.15 

29.15 

28.05 

80.97 

29.75 

27.46 

25.16 

22.50 

19.60 

17.45 

15.70 

13.70 

12.  #0 

11.90 

10.90 

9.95 

9.20 

8.75 

8.65 

8.60 

8.20 

7.90 

Mar. 

-Apr. 

May. 

June. 

1900. 

1 .r 

•» 

10.90 

9.48 

8.32 

7.10 

6.18 

5.53 

5.12 

4.84 

4.60 

4.60 

7.12 

31.68 

31.80 

28.18 

24.09 

20.12 

16.60 

14.28 

15.80 

25.00 

:S2.60 

29.44 

24.54 

20.43 

17.12 

14.12 

12.14 

10.47 

9.10 

8.27 

7.60 

18.14 
25.44 
'26.00 
23.30 
20.29 
17.43 
15.34 
27.68 
39.00 
36.03 
31.63 
27.34 
23.78 

ao.43 

17.40 
16.63 
21.18 
20.28 
18.80 
45.10 
61.00 
47.98 
42.40 
38.24 
36.41 
86.78 
36.33 
31.80 
28.85 
26.25 
24.20 

7.60 

7.30 

8.40 

9.65 

9.70 

9.60 

9.00 

8.60 

8.05 

8.70 

29.60 

31.00 

28.60 

23  60 

19.70 

16.00 

13.00 

11. 0) 

M.O0 

9.60 

13.00 

16.60 

15.70 

14.00 

13.80 

28.50 

37.25 

34.50 

29.00 

24.30 

24.86 

21.55 
18.60 
16.80 
13.60 
12.27 
1-2.17 
11.44 
10.29 
9.97 
10.68 
26.35 
62.79 
68.40 
48.69 
42.30 
37.10 
63.00 
64.05 
62.17 
69.  :«> 
66.10 
51.71 
46.20 
41.88 
37.94 
33.94 
30.89 
28.16 
25.73 
23.50 

21.23 
18.96 
16.33 
13.82 
11.60 
9.60 
8.20 
7.28 
6.80 
6.60 
6.12 
6.90 
6.48 
4.90 
4.60 
3,85 
8.66 
3.50 
3.52 
3.39 
3.66 
3.50 
3.35 
4.40 
7.65 
7.68 
6.70 
5.30 
4.25 
3.60 
3.62 

9.40 
8.50 
7.90 
7.30 
7.00 
6.36 
6.16 
6.00 
6.70 
5.60 
5.00 
4.60 
6.00 
6.60 
8.70 
8.80 
6.80 
5.50 
4.70 
4.90 
8.30 
17.30 
19.80 
17.50 
14.10 
11.30 
9.30 
8.15 
7.00 
6.90 
6.35 

4.24 
6.30 

- 

13.96 

1 

5... 

i> 

4    .............. 

15.16 
20.96 
21.60 
20.92 

s 

*# 

10 

11 

\1 

13 

14 

15 

21.76 
38.62 
31.70 
24. 73 
19.60 
16.95 
15.60 
19.23 

16 

29.16 

17 

IJ* 

52:::::::::::::: 

21 

22 

24 

25 

26 

28 

'i9 

28.89 
25.33 
24.61 
30.10 
27.80 
25.38 
24.56 
60.00 
58.35 
66.36 
62.90 
49.05 
48.35 

3«J 

46.35 

31 

1901. 

1 

2 

3 

19.60 
19.00 
17.90 
14.70 
13.00 
11.60 
10.25 
9.60 
8.75 
8.30 
17.40 
52.70 
56.60 
53.25 
47.25 
41.45 
36.30 
31.85 
^.15 
•25.15 
22.50 
19.85 
17.55 
15.36 
14.60 
18.00 
17.20 
15.50 
14.80 
15.10 
14.60 

28.00 
26.60 
32.60 
35.10 
31.60 
27.60 
24.30 
20.90 
17.90 
14.60 
12.50 
11.00 
10.00 
11.36 
12.80 
13.00 
11.70 
12.80 
25.  ?e 
39.80 
42.60 
38.00 
32.80 
28.41 
24.40 
21.00 
17.90 
14.90 
12.50 
10.90 

6.60 
12.26 
16.65 

4 ' 

5... 

14.80 
12.00 

r, 

11.20 

J     .,*..-•...••«• 

11.10 

^ ' 

11.60 

•J 

9.40 

1  j 

7.60 

u 

6.60 

12 

6.20 

13 

U 

6.40 
5.60 

15 

6.05 

16 

4.80 

17 

4.60 

18 

» 

4.10 
8.80 

20 

21 

3.35 
3.00 

'» 

2.75 

23 

2.90 

24    

2.20 

25 

2.00 

26 ... 

27 

•2S 

1.97 

i.a5 

1.70 

29 

1.65 

30 

31 

1.65 

July. 

Aug. 

Sept. 

41.00 

9.85 

5.60 

33.88 

8.00 

5.00 

32.27 

6.60 

4.07 

82.13 

6.15 

4.80 

30.96 

4.40 

3.58 

27.31 

3.80 

2.80 

23.70 

3.35 

2.30 

20.80 

3.00 

1.90 

18.45 

2.60 

1.50 

16.96 

2.30 

1.40 

12.96 

2.10 

1.10 

11.06 

2.00 

.90 

10.60 

1.76 

.80- 

12.90 

1.60 

1.40 

10.35 

1.40 

5.45 

1    8.60 

1.60 

10.66 

7.00 

1.48 

8.95 

6.00 

1.40 

6.34 

6.60 

3.00 

4.44 

6.36 

4.40 

3.35 

,    8.50 

3.75 

2.60 

;    8.00 

3.00 

2.20 

8.10 

2.60 

1.87 

8.70* 

2.56 

1.65 

7.40 

2.10 

1.60 

6.80 

4.48 

1.45 

9.20 

4.30 

1.30 

16.20 

3.25 

1.06 

13.50 

2.40 

.90 

11.83 

2.10 

.75 

11.05 

2.60 

1.70 

0.70 

6.11 

1.73 

.60 

6.10 

2.00 

.85 

4.05 

2.30 

l.OO 

3.60 

2.60 

.80 

3.05 

2.30 

.75 

2.«1 

2.60 

.60 

2.35 

2.40 

.60 

2.04 

2.25 

.»> 

1.90 

2.10 

.25 

1.70 

2.00 

.20 

1.60 

1.70 

.65 

1.41 

1.30 

.65 

1.30 

.90 

.80 

2.52 

.70 

1.20 

6.70  ' 

.60 

5.70 

8.00 

.43 

17.00 

6.10 

2.60 

26.30 

12.21 

4.00 

22.70 

16.00 

5.70 

25.70 

14.50 

7.33 

32.10 

10.60 

6.00 

32.60 

7.50 

4.60 

31.97 

5.70 

3.20 

26.80 

4.51 

2.50 

22.40 

3.90 

2.00 

18.30 

3.40 

1.60 

14.10 

2.91 

1.05 

9.85 

2.60 

.90 

7.90 

2.91 

.80 

7.41 

4.80 

.60 

7.10 

Oct. 

Nov. 

0.75 

4.20 

.80 

5.10 

.60 

6.40 

.25 

6.65 

.40 

6.06 

.40 

4.46 

.80 

3.90 

1.80 

8.60 

3.90 

3.10 

6.05 

2.90 

6.10 

2.70 

14.30 

2.60 

22.60 

2.40 

21.86 

2.26 

16.40 

2.20 

11.60 

2.10 

8.20 

2.05 

6.13 

2.00 

6.10 

1.95 

4.30 

8.90 

3.60 

8.40 

8.16 

10.25 

4.60 

12.60 

7.30 

11.00 

10.40 

9.45 

8.66 

16.90 

6.75 

22.20 

6.40 

21.00 

4.70 

17.35 

4.10 

14.00 

3.70 

6.40 

0.85 

6.91 

.80 

9.oa 

.75 

6.TI 

1.00 

5.30 

1.10 

4.50 

1.10 

3.45 

1.05 

3.02 
2.50 
2.31 
2.10 
1.95 
3.41 
3.30 
3.97 
3.80 
3.51 
3.00 
«.70 
2.30 
2.00 
1.81 
1.61 
1.45 
1.31 
1.20 
1.05 
.81 
.55 
.90 
.90 


1.00 

.95 

.90 

.90 

.85 

1.00 

1.05 

1.00 

.98 

.90 

.93 

1.10 

1.30 

1.40 

1.70 

2.00 

2.0') 

2.00 

1.95 

1.95 

2.00 

1.95 

1.91 


Dor. 


12.50 

9.65 

8.60 

7.90 

8.20 

10.20 

10.65 

9.65 

8.75 

8.15 

7.60 

6.90 

6.45 

6.40 

6.65 

6.45 

6.10 

5. 75 

5.30 

5.45 

6.30 

8.3» 

11.90 

17.00 

18.70 

17.00 

14.60 

12.50 

10.95 

10. 15 

14.20 


1.60 

1.50 

1.40 

1.40 

1.31 

1.95 

1.90 

2.58 

2.  GO 

3.h0 

5.00 

5.80 

5.70 

7.40 

31.00 

40. 75 

3V00 

27.00 

21.60 

16.41 

12. 10 

9.95 

7.00 

0.80 

7.30 

8.34 

9.00 

10.% 

36.30 

49.00 

49.00 
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Daily  gage  height ^  in  feet,  of  Black  Warrior  River  at  Tkiscaloom — Continued. 


Day 


1902. 


44.00 

38.  HO 

ai.io 

28.50 
24.80 
21. 15 
15.50 
14.00 
12. 50 
11.00 
9.80 
8.50 
8.00 
7.30 
6.70 
6.11 
5.65 
5.00 
6.a5 
7.81 
11.00 
16.15 
20.81 
20.81 
18.50 
16.85 
27 '  15.60 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 


Jan. 


28 

20.00 

29 

28.00 

30 

27.87 

31 

28.50 

I9cn. 
1 

13.20 

2 

13.75 

3 

16.63 

4 

23.50 

5 

22.52 

6 

19.81 

7 

17.10 

8 

15.11 

9 

13.31 

10 

12.10 

11 

12.53 

12 

23.96 

13 

28.41 

14 

25.75 

15...: : 

21.90 

16 

19.01 

17 

16.11 

io    .........  .^ft  .  . 

19 

14.50 
12.51 

20 

11.85 

21 

11.05 

22 

10.84 

23 

24 : 

9.98 
9.51 

25 

8.65 

26 

8.26 

27 

8.05 

28 

9.85 

29 

12. 35 

30 

14.72 

31 

14.55 

Feb. 


37.80 
47.60 
48.40 
45.00 
40.00 
36.00 
31.00 
28.16 
24.88 
21.50 
18.00 
15.40 
13.00 
11.00 
11.50 
19.85 
21.81 
19.70 
17.56 
16.00 
14.51 
14.00 
13.60 
13.05 
12.50 
13.00 
14.00 
41.61 


13.35 
12.56 
13.76 
18.55 
35.00 
37.85 
36.00 
56.35 
56.85 
51.60 
62.00 
53.75 
51.10 
46.15 
41.11 
40.50 
56.65 
a56.75 
62.95 
46.75 
41.85 
36.50 
32.30 
28.85 
26.10 
23.96 
22.00 
45.42 


Mar. 


49.87 
48.10 
44.00 
37.50 
33.50 
35.78 
35.00 
31.61 
28.50 
26.61 
23.10 
20.40 
17.70 
15.52 
15.00 
17.60 
31.80 
29.60 
25.00 
21.80 
18.50 
17.65 
15.21 
13.80 
18.30 
19.00 
35.60 
60.36 
60.60 
68.30 
67.40 


54.30 
62.41 
47.25 
41.42 
36.90 
33.11 
37.82 
36.50 
89.15 
39.20 
87.75 
36.12 
33.80 
36.15 
36.00 
83.84 
31.12 
28.65 
26.15 
28.50 
20.85 
18.80 
17.55 
16.15 
14.80 
13.48 
12.40 
11.85 
11.62 
11.78 
13.50 


Apr. 


52.88 

45.50 

39.70 

35.00 

32.00 

29.00 

26.91 

32.70 

36.75 

32.81 

29.05 

26.00 

23.82 

20.61 

18.00 

15.82 

14.41 

12.93 

11.86 

10.67 

9.61 

8.80 

8.05 

7.72 

7.30 

7.05 

6.72 

6.41 

5.90 

6.75 


16.70 
16.65 
15.30 
14.12 
13.10 
12.80 
11.50 
11.15 
12.30 
22.35 
20.10 
16.60 
14.35 
21.20 
32.12 
28.20 
23.40 
18.35 
16.00 
14.50 
14.90 
17.95 
16.90 
13.81 
12.30 
11.30 
10.50 
10.00 
9.45 
8.95 


May. 


10.85 
9.90 
8.32 
6.51 
5.50 
6.00 
4.75 
6.11 
6.16 
4.75 
4.35 
4.05 
3.75 
3.52 
3.15 
8.60 
6.01 
6.62 
6.10 
5.31 
4.66 
3.90 
3.60 
8.05 
2.82 
2.75 
2.35 
2.03 
1.95 
1.81 
1.65 


8.60 

8.15 

7.90 

7.75 

7.45 

7.15 

6.92 

6.89 

7.00 

6.90 

6.76 

7.a5 

8.65 

14.35 

36.85 

43.40 

43.10 

37.10 

30.65 

25.80 

21.55 

17.60 

18.85 

11.10 

9.80 

9.00 

8. 35 

7.  SO 

7.45 

7.15 

7.32 


June. 


1.52 

1.48 

1.40 

1.52 

1.40 

1.30 

1.25 

1.16 

1.10 

1.05 

1.00 

.91 

.80 

.72 

.70 

.66 

.53 

.50 

.80 

1.00 

1.60 

1.70 

1.72 

1.80 

1.85 

1.50 

1.10 

.65 

.40 

.40 


9.60 

12.60 

14.21 

12.35 

12.40 

13.35 

16.88 

16.50 

12.20 

10.50 

10.85 

11.00 

10.35 

9.45 

8.30 

7.f56 

7.08 

6.70 

6.45 

6.20 

6.23 

7.20 

6.95 

6.75 

6.83 

7.80 

7. 52 

7.15 

6.91 

6.55 


July. 

Aug. 

Sept. 

Oct. 

Not. 

Dw. 

0.35 

0.04 

2.52 

5.61 

4.90 

8.50 

.30 

.05 

2.20 

5.50 

4.89 

9.50 

.15 

.08 

2.85 

5.00 

4.89 

13. 55 

.00 

.15 

4.87 

5.50 

4.90 

17.10 

.00 

1.80 

4.65 

5.52 

4.91 

17.92 

.03 

2.30 

3.50 

5.31 

4.94 

15.65 

.a*) 

1.90 

2..'i2 

5.15 

6.00 

14.90 

.05 

1.35 

2.00 

5.00 

4.94 

13.40 

.15 

.81 

1.60 

4.95 

4.94 

11.75 

.20 

.69 

1.32 

4.90 

4.89 

10.  *25 

.25 

.49 

1.12 

9.65 

4.89 

9.10 

.25 

.48 

.85 

15.40 

4.90 

8.50 

.15 

.39 

.71 

14.90 

4.90 

8.05 

.15 

.25 

.50 

11.75 

4.91 

7.85 

.10 

.18 

.40 

8.98 

4.90 

7.45 

.10 

.15 

.25 

7.45 

4.89 

15.00 

.05 

.14 

.15 

6.40 

4.90 

29.65 

.05 

.10 

.12 

6.00 

6.26 

28.85 

.04 

.08 

.75 

5.83 

5.50 

23.90 

.03 

.05 

2.21 

5.76 

6.64 

19. 15 

.03 

.01 

3.51 

5.60 

6.50 

16.30 

.04 

.10 

3.92 

5.60 

5.50 

18.00 

.04 

.12 

4.80 

5.52 

6.45 

20.90 

.10 

.15 

4.60 

6.46 

5.42 

18.10 

.11 

.10 

4.76 

6.35 

6.69 

15.41 

.10 

.08 

4.83 

6.29 

6.75 

13.50 

.11 

.15 

4.90 

6.00 

13.90 

12.00 

.07 

.61 

6.20 

4.90 

13.40 

10.95 

.05 

1.45 

6.06 

4.91 

10.42 

10.00 

.05 

1.68 

6.65 

4.90 

9.65 

11.10 

.04 

1.98 

4.92 
3.98 

5.03 

12. 51 

6.43 

6.95 

5.10 

4.71 

6.90 

7.40 

6.15 

3.95 

5.17 

4.72 

6.65 

8.65 

5.00 

8.80 

5.68 

4.78 

5.44 

7.65 

4.91 

3.75 

5.56 

4.M 

5.80 

6.95 

4.80 

3.65 

5.21 

4.85 

6.35 

6.60 

4.73 

B.98 

5.04 

4.87 

6.16 

6.80 

4.65 

4.20 

4.98 

4.88 

6.90 

6.72 

4.45 

4.70 

4.90 

4.86 

6.75 

6.65 

4.40 

4.75 

4.88 

4.88 

6.50 

6.10 

4.42 

4.90 

4.84 

4.89 

6.25 

6.35 

4.31 

4.97 

4.80 

4.90 

6.85 

6.15 

4.25 

6.10 

4.87 

4.92 

6.52 

6.10 

4.21 

5.16 

4.91 

4.87 

6.70 

6.00 

4.19 

4.96 

4.87 

4.85 

6.55 

5.96 

4.13 

4.96 

4.92 

4.87 

6.25 

6.26 

4.10 

4.93 

4.97 

4.86 

5.90 

6.60 

4.00 

4.98 

4.98 

4.86 

5.81 

6.85 

4.03 

6.01 

4.91 

4.M 

5.70 

7.82 

4.08 

4.99 

4.90 

4.80 

5.45 

7.60 

4.03 

4.98 

4.88 

4.92 

6.10 

6.91 

3.98 

4.90 

4.86 

5.05 

6.06 

6.65 

3.94 

4.85 

4.80 

5.28 

4.75 

6.10 

3.90 

4.76 

4.78 

5.15 

4.70 

5.65 

3.89 

4.65 

4.75 

5.48 

4.83 

5.45 

3.86 

4.60 

4.73 

.S.W 

4.90 

6.25 

3.80 

4.50 

4.75 

5.51 

4.  HO 

5. 15 

3.75 

4.60 

4.74 

5.39 

4.65 

5.05 

8.70 

4.60 

4.75 

5.1.'> 

7.85 

4.95 

8.81 

4.68 

4.73 

5.12 

4.75 

5.35 

8.95 

4.76 

4.70 

.S.09 

6.50 

5.15 

4.81 

5.07 

a  Maximum  57.10. 
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Rating  table  for  Black  WarrioT  River  at  Tuioaloom  from  1896  to  1901. 


Gajre 

height. 

Discharge. 

Case 
height. 

Discharge. 
Seecmdr/eet. 

1 
heignt. 

DliKrharge. 
Second-feet. 

hei^t. 
Feet. 

Discharge. 
Second-feet. 

F\C€t. 

Second-feet. 

Feet. 

1 

Feet. 

-2.0 

88 

3.0 

1,470 

'          7.0 

3,665 

11.0 

5,885 

—  1.8 

92 

3.1 

1,520 

7.1 

3,715 

11.1 

5,935 

-1.6 

100 

3.2 

1, 570  " 

7.2 

3,765 

11.2 

5,985 

-1.4 

110 

3.3 

1,620  . 

7.3 

3,815 

11.3 

6,035 

-1.2 

120 

3.4 

1,670 

7.4 

3,865 

11.4 

6,085 

—  1.0 

130 

3.5 

1,725 

7.5 

3,925 

11.5 

6,145 

—  .8 

150  1 

1 

3.6 

1,780, 

7.6 

3,985 

11.6 

6,205 

—  .6 

175 

3.7 

1,835 

7.7 

1 

4,045 

11.7 

6,265 

—  .4 

205 

3.8 

1,890  . 

7.8 

4,105 

11.8 

6,325 

—  .2 

240  1 

3.9 

1,945  ' 

7.9 

4,165 

11.9 

6,385 

.0 

280 

4.0 

2,000 

8.0 

4,220  1 

12.0 

6,440 

.1 

310 

4.1 

2,055 

8.1 

4,270 

12.1 

6,490 

.2 

340 

4.2 

2,111 

8.2 

4,320  ' 

12.2 

6,540 

.3 

370 

'        4.3 

2,166; 

8.3 

4,370 

12.3 

6,590 

.4 

400 

4.4 

2,222  j 

8.4 

4,420 

12.4 

6,640 

.5 

430 

4.5 

2,277 

8.5 

4,480 

12.5 

6,700 

.6 

460 

4.6 

2,333 

8.6 

4,540 

12.6 

6,760 

.7 

490 

4.7 

2,388 

8.7 

4,600  ! 

12.7 

6,820 

.8 

530 

4.8 

2,444 

8.8 

4,660  1 

12.8 

6,880 

.9 

565 

4.9 

2,500 

8.9 

4,720 

12.9 

6,940 

1.0 

600 

5.0 

2,555 

9.0 

4,775 

13.0 

6,995 

1.1 

635 

'        5.1 

2,610 

9.1 

4,825, 

13.1 

7,045 

1.2 

670 

5.2 

2,666 

9.2 

4,875 

13.2 

7,095 

1.3 

710 

5.3 

2,721 

9.3 

4,925  1 

13.3 

7,145 

1.4 

750 

5.4 

2,777 

9.4 

4,975 

13.4 

7,195 

1.5 

790 

5.5 

2,832 

9.5 

5,a35  ' 

13.5 

7,255 

1.6 

830 

5.6 

2,888 

9.6 

5,095 

13.6 

7, 315 

1.7 

870 

5.7 

2,943 

9.7 

5, 1.55  ' 

13.7 

7,375 

1.8 

910 

5.8 

1 

3,000 

9.8 

5,215  1 

13.8 

7,435 

1.9 

955 

5.9 

3,054 

9.9 

5,275  1 

13.9 

7,495 

2.0 

1,000 

6.0 

3,110 

10.0 

5,330 

14.0 

7,550 

2.1 

1,045 

6.1 

3,160 

10.1 

5, 380  ■ 

14.1 

7,600 

2.2 

1,090 

6.2 

3,210 

10.2 

5, 4:«) 

14.2 

7,650 

2.3 

1,135  , 

6.3 

3,260 

10.3 

5,480  ' 

14.3 

7,700 

2.4 

1,180 

6.4 

3, 310 

10.4 

5,5:^0 

14.4 

7,750 

2.5 

1,225 

6.5 

3, 370 

10.5 

5,590  1 

14.5 

7,810 

2.6 

1,270 

6.6 

3,430 

10.6 

5,a50 

14.6 

7,870 

2.7 

1,320 

6.5 

3,490 

10.7 

5,  710  ' 

14.7 

7,930 

2.8 

1,370 

6.8 

3, 550 

10.8 

5,  770 

14.8 

7,990 

2.9 

1 

1,420 

6.9 

3,610 

1 

io;9 

5,830 

14.9 

8,050 
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Rating  table  for  Black  Warrior  River  near  Cordova  for  190S. 


heif^t. 
Feet. 

Diachaige. 

Gage 
height. 

Diachaige. 

Gage 
height. 

Discharge. 

Gage 
height 

Diachaige. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Secondrfeet. 

FeeL 

Second-feet. 

-0.90 

78 

1.60 

1,740 

5.00 

6,200 

12.20 

17,000 

.85 

89 

1.70 

1,840 

5.10 

6,350 

13.00 

18,200 

.80 

100 

1.80 

1,940 

5.20 

6,500 

13.50 

18,950 

.75 

112 

1.90 

2,040 

5.30 

6,650 

13.70 

19,250 

-  .70 

126 

2.00 

2,140 

5.40 

6,800 

14.00 

19,700 

-  .65 

142 

2.10 

2,250 

5.50 

6,960 

14.30 

20,150 

.ao 

159 

2.20 

2,360 

5.60 

7,100 

15.00 

21,200 

-  .55 

178 

2.30 

2,475 

5.70 

7,250 

15.70 

22,250 

-  .50 

198 

2.40 

2,590 

5.80 

7,400 

16.00 

22,700 

-  .45 

221 

2.50 

2,705 

5.90 

7,550 

16.10 

22,850 

-  .40 

247 

2.60 

2,820 

6.00 

7,700 

17.00 

24,200 

-  .35 

276 

2.70 

2,935 

6.20 

8,000 

17.80 

25,400 

-  .30 

307 

2.80 

3,050 

6.60 

8,600 

18.00 

25,700 

-  .25 

340 

2.90 

3,175 

6.70 

8,750 

19.00 

27,200 

-  .20 

374 

3.00 

3,300 

6.80 

8,900 

19.40 

27,800 

-  .15 

408 

3.10 

3,430 

7.00 

9,200 

20.00 

28,700 

-  .10 

442 

3.20 

3,560 

7.20 

9,500 

20.10 

28,850 

-  .05 

476 

3.30 

3,695 

7.80 

10,400 

21.00 

30,200 

.00 

510 

3.40 

3,830 

7.90 

10,550 

21.20 

30,500 

.10 

580 

3.50 

3,970 

8.00 

10,700 

21.60 

31,100 

.20 

650 

3.60 

4,110 

8.20 

11,000 

21.90 

31,550 

.30 

725 

3.70 

4,255 

8.60 

11,600 

25.00 

36,200 

.40 

800 

3.80 

4,400 

8.70 

11,750 

25.30 

36,650 

.50 

875 

3.90 

4,550 

9.00 

12,200 

25.40 

36,800 

.60 

950 

4.00 

4,700 

10.00 

13, 700 

26.00 

37,700 

.70 

1,025 

4.10 

4,850 

10.10 

13,850 

26.10 

37,850 

.80 

1,100 

4.20 

5,000 

10.20 

■  14,000 

27.00 

39,200 

.90 

1,175 

4.30 

5,150 

10.50 

14,450 

27.30 

39,650 

1.00 

1,250 

4.40 

5,300 

11.00 

15,200 

27.60 

40,100 

1.10 

1,325 

'      4.50 

5, 450 

11.10 

15,350 

29.00 

42,200 

1.20 

1,400 

4.60 

5,600 

11.20 

15, 500 

29.50 

42,950 

1.30 

1,480 

4.70 

5,750 

11.40 

15,800 

1.40 

1,560 

4.80 

5,900 

11.90 

16,550 

1       1.50 

i_    _ 

1,650 

1      4.90 

6,050 

12.00 

16,700 
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Etiimaied  monthly  duekarge  of  Black  Warrior  River  near  Oordfwi, 

[Drainage  area,  2S7  iquare  miles.] 


Month. 


1900. 


Jane 

July 

August 

September. 
October  ... 
November . 
December  . 

Janoary  . . . 
February  . . 

March 

April 

May 

June 

July 

AngOHt 

September 
October  ... 
November 
December 


Diachai:^  in  seoond-feet 


Maximum. 


1901. 


49,284 
11,248 
2,144 
1,961 
13,098 
6,808 
6,660 


Minimum. 


51,800 

31,820 

29,600 

23,088 

10,064 

5,920 

3,404 

17,168 

6,660 

1,669 

660 

31,820 


1,134 
810 
660 
205 
60 
384 
968 


1,762 

1,486 

1,486 

2,242 

968 

320 

205 

205 

320 

320 

320 

518 


Mean. 


16,185 
2,975 
1,016 
556 
1,732 
1,487 
2,154 


The  year j      51,800 


205 


8,713 

6,616 

6,637 

6,967 

2,539 

1,582 

631 

4,155 

1,415 

687 

468 

4,923 

3,778 


Run-off. 


4.59 

3.48 

3.49 

3.67 

1.34 

.83 

.33 

2.19 

.74 

.36 

.25 

2.59 

1.99 


8.52  I 
1.57  I 
.53  ' 
.29 
.91 
.78 
1.13 


9.51 

1.81 
.61 
.32 

1.05 
.87 

1.30 

5.29 

3.62 

4.02 

4.10 

1.54 

.93 

.38 

2.53 

.83 

.42 

.28 

2. 99 


26.93 
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Egtimated  monthly  discharge  of  Black  Warrior  River  near  Cordova — Ck>ntinued. 


Month. 


1902. 


January . . . 
February . , 

March 

April 

May 

June 

July 

August 

September 
October  .. 
November 
December 


DischarKe  in  second-feet. 


M&ximum. 


17,020 

32,856 

56,980 

26,048 

1,307 

518 

125 

660 

260 

3,552 

11,100 

15,984 


Minimum. 


The  year 


1903. 


January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


56,980 


1,396 

2,652 

3,258 

1,050 

205 

125 

74 

74 

74 

160 

160 

1,050 


74 


Mean. 


Run-off. 


Seoond-feet 

per  SQuare 

mile. 


5,692 

8,599 
13,764 

5,366 
630 
193 
99 
170 
105 
536 
880 

4,395 


3,369 


The  year 


13,700 

1,480 

4,306 

42,950 

2,475 

17,941 

40,100 

1,840 

10,203 

17,000 

1,250 

4,773 

28,860 

800 

4,176 

5, 750 

510 

1,661 

510 

159 

317 

875 

126 

306 

126 

78 

97 

307 

78 

148 

247 

159 

198 

875 

159 

252 

42,950 

78 

3,698 

3.00 

4.53 

7.24 

2.82 

.33 

.10 

.05 

.09 

.06 

.28 

.46 

2.31 


1.77 


1.95 


Depth  in 
inches. 


3.46 

4.72 

8.35 

3.15 

.38 

.11 

.06 

.10 

.07 

.32 

.51 

2.66 


23.  89 


2.27 

2.62 

9.44 

9.83 

5.37 

6.19 

2.51 

2.80 

2.20 

2.54 

.87 

.97 

.17 

.20 

.16 

.18 

.05 

.06 

.08 

.09 

.10 

.11 

.13 

i   .15 

25.  74 
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Xei  horaepower  per  foot  of  faU  unth  a  turbine  efficiency  of  SO  per  cent  for  the  minimum 

motithly  diJfcharge  of  Black  Warri4>r  River  near  Cordova. 


Month. 


1901. 


19(U. 


1906. 


I 
Mini- 

1  Mlnimumt  kS«L  I  tlon  of 
.discharge.  Jj«;  ;  mlnl- 

I  of  fall. ; 


Minimum 
dbchanre. 


Januarv  .. 
Febmary  . 

March 

April 

May 

Jane 

Jnly 

Angost 

September 
October .  _ . 
November 
December. 


Sec.-ftft. 
1,762 
1,486 


160 
135 


1,486  I     135 
2,242  '     204 


968 

88 

320 

29 

205 

19 

205 

19 

320 

29 

320 

29 

320 

29 

518 

4/ 

1 
1 
1 
2 
1 
1 
3 

3 

1 

3 
2 
2 


Sec,-Jeet. 

1,396 

2,652 

3,258 

1,050 

205 

125 

74 

74 

74 

160 

160 

1,050 


Mini- 
mum 
net 
hone- 
power 
per  loot 
of  fall. 


127 

241 

296 

95 

19 

11 

7 

7 

7 

14 
14 
95 


Dura- 
tion of 


Minimum 


mini-  idiM>harg«. 
mum. 


l>aii«.     Sec-Jed. 


1 
1 
1 
1 
1 
6 
8 
13 
18 
7 
6 
1 


1,480 

3,300 

1,840 

1,250 

800 

510 

159 

126 

78 

78 

159 

159 


Mini-  , 

hori»-   I'onof 

Dowcr     *"*"*' 

P^,*  .   mum. 

perfttot  *"*••"• 

of  fall. 


Jhty, 


134 

300 

167 

114 

73 

46 

14 

11 

7 

7 

14 
14 


3 
4 
3 

13 
7 
9 

12 


LOCUST  PORK  OF  BLACK  WARRIOR  RIVER  AT  PAL08. 

Locust  Fork  of  Black  Warrior  River  rises  in  Blount  County,  and, 
flowing  in  a  southwesterly  course,  enters  Black  Warrior  River  a  short 
distance  above  Wilmington.  Its  drainage  basin  is  hilly,  and  about  half 
its  area  is  under  cultivation.  Palos  station  was  established  November 
26, 1901,  by  R.  C.  McCalla,  United  States  assistant  engineer,  who  fur- 
nishes the  daily  gage  heights  to  the  Geological  Survey.  It  is  main- 
tained by  the  United  States  Engineer  Corps.  The  gage  is  ^  4  by  8  inch 
timber  on  the  right  bank  of  Locust  Fork  of  Black  Warrior  River 
just  below  the  Kansas  City,  Memphis  and  Birmingham  Railroad  bridge. 
One  section  follows  the  slope  of  the  bank  from  low  water  to  a  tree  on 
top  of  the  bank,  and  from  there  up  a  vertical  section  is  fastened  to 
the  tree.  The  slope  is  17  feet  in  elevation,  measured  verticall}^  and 
the  vertical  section  of  the  rod  is  15  feet.  The  rod  is  graduated  to  feet 
and  tenths,  with  copper  figures  at  the  5-foot  points  and  round-head 
tacks  at  intermediate  foot  marks.  The  total  height  is  82  feet.  The 
plane  of  reference  (about  251.71  feet  above  Mobile  datum)  is  supposed 
to  be  extreme  low  water.  High  water  April,  1900,  was  about  37  feet 
above  the  plane  of  reference. 

Measurements  are  made  from  the  Drennan  bridge,  which  is  about 
a  quarter  of  a  mile  below  the  Kansas  City,  Memphis  and  Birmingham 
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Railroad  bridge.  The  Drennan  bridge  is  the  property  of  the  Drennan 
Coal  Mining  Company.  It  is  a  mining  railroad  bridge,  having  width 
for  a  double-track  tramway  of  3  feet  gage.  One  track  is  laid  and  in 
operation.  The  bridge  has  two  iron  spans  of  100  feet  each  and 
trestle  approaches  at  both  ends. 

The  initial  point  for  measurements  is  the  left-bank  end  of  the  iron 
bridge  on  the  downstream  side. 

The  bench  mark  is  the  top  of  the  iron  crossbeam  at  station  80  from 
the  initial  point,  and  is  44.3  feet  above  the  water  when  the  gage  reads 
2.50  feet. 

This  bridge  is  lower  and  the  section  is  better  than  that  at  the  upper 
bridge,  from  which  some  of  the  measurements  have  been  made;  but 
there  is  a  raft  against  the  center  pier  that  should  be  removed.  At 
minimum  stages  the  water  at  both  bridges  is  too  sluggish  for  accurate 
measurement. 


Di»c1uirge  measurements  of  Locust  Fork  of  Black  Warrior  River  at  Polos. 


Date. 


1902.  I     Feet. 

January  18 0.85 

Aprils 2.50 

Do 2.50 

September  20 00 

October  15 60 

1903. 

March? 4.75 

March  14 3.55 


Sccond-Jeet. 

849* 

3, 224 

3,292 

«117 

473 

7,450 
5,342 


he^l   I  I>i''*-»«^ge. 


1903. 
May  20 

June  16 

Do 

July  18 

August  28.... 

Do 

September  26 


Fexl. 
1.75 
.62 
.62 
.40 
.13 
.13 
.02 


Second-fed. 

2,148 

404 

431 

228 

84 

93 

47 


a  EHtimated  from  float  meaaurement. 
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Daily  ffoge  height,  infetty  of  LocuM  Fork  of  Black  Warrior  River  at  Polos. 


Day. 


Jan.  I  Feb. 


Har.  I  Apr. 


May.    June. 


1 
-> 

i 

4 

h 


^  . 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

IH. 

19. 
20. 
21. 
22 

5! 

24. 
25. 
26. 

27. 
28. 
29  . 
5K 

SI. 


1902. 


I  ....... 

> 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

IS 

19 

a 

21 

22 .  - 

73 '.'.'/.'.'.'. 

24 

2> 

IS 

'.*7 , 

2S , 

29 

» 

31 


1908. 


3.... 
4..., 

.> 

«... 


5.50 
3.40 
2.70 
2.20 
2.00 
1.70 
1.00 
1.50 
1.30 
1.30 
1.20 
1.10 
1.10 
1.00 
.90 
.90 
.90 
.90 
1.00 
1.10 
1.60 
2.50 
2.40 
2.30 
2.40 
1.90 
1.80 
2,10 
8.10 
3.30 
3.60 


I 


8.30 
12.80 
10.20 
6.70 
3.90 
3.00 
2.40 
2.00 
1.80 
1.70 
1.60 
1.50 
1.40 
1.30 
2.20 
2.80 


2. 
2. 
1. 
1. 
1. 
1. 
1. 


20 
00 
80 
70 
60 
60 
50 
1.50 
1,80 
1.60 
2.20 
14.90 


13.80 
6.70 
4.40 
3.00 
5.00 
5.80 
8.70 
8.00 
2.fiO 
2.10 
1.90 
1.70 
1.60 
1.60 
1.50 
3.40 
4.50 
8.00 
2.30 
2.00 
1.80 
1.70 
1.60 
1.50 
1.90 
1.70 
6.80 
24.00 
27.00 
25.00 
17.90 


2. 
2. 
2. 


4.90 

3.50 

2.70 

2.60 

2.50 

2.30 

2.10 

5.80 

5.00 

3.40 

,60 

,20 

.00 

1.80 

1.70 

1.60 

1.50 

1.50 

1.40 

1.30 

1.10 

1.00 

1.00 

.90 

.90 

.90 

.80 

.80 

.70 

1.20 


July.  I  Aug.  I  Sept. 


Oct.      Nov. 


I 


0.90 
.80 
.70 
.70 
.60 
.60 
.50 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.30 
.60 
.50 
.50 
.40 
.40 
.40 
.40 
.30 
.30 
.30 
.30 
.20 
.20 
.20 
.20 


0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.20 
.20 


0.10 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.10 
.10 
.20 
.50 


0.40 
.80 
.80 
.90 
.30 
.20 
.10 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.(10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.10 
.10 
.10 


0.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.10 
.00 
.10 


0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
1.70 
2.00 
1.80 
.80 
.60 
.40 
.40 
.30 
.20 
.20 
.10 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


1.20 

1.10 

17.00 

2.60 

.90 

1.20 

.4 

.70 

.40 

1.30 

1.10 

7.40 

2.20 

.90 

2.10 

.4 

1.00 

.80 

1.50 

1.60 

4.20 

1.90 

.80 

1.40 

.4 

.70 

.20 

1.60 

3.80 

8.20 

1.70 

.80 

1.20 

.8 

.90 

.10 

1.60 

7.60 

2.80 

1.60 

.80 

1.10 

.8 

.80 

.10 

1.50 

4.80 

4.60 

1.50 

.70 

1.60 

.7 

.60 

.10 

1.40 

4.80 

5.20 

1.40 

.70 

1.40 

.6 

.50 

.10 

1.30 

18.10 

8.80 

1.60 

.70 

1.20 

.6 

.40 

.10 

1.20 

12.20 

4.80 

4.00 

.60 

1.10 

.5 

.40 

.00 

1.00 

16.40 

3.60 

3.70 

.60 

1.10 

.5 

.40 

.00 

1.50 

12.60 

3.80 

2.20 

.60 

1.50 

.6 

.40 

.00 

3.20 

12.50 

2.80 

1.80 

.60 

1.10 

.4 

.30 

.00 

2.70 

6.60 

2.50 

1.80 

.70 

1.00 

.5 

.30 

.00 

2.00 

4.40 

3.60 

10.20 

1.00 

.80 

.8 

.30 

.00 

1.70 

4.20 

8.70 

7.20 

5.80 

.70 

.9 

.60 

.00 

1.60 

7.50 

3.10 

3.80 

11.90 

.60 

.7 

.80 

.00 

1.40 

23.00 

2.60 

2.60 

•  5.70 

.60 

.5 

.70 

.00 

1.40 

18.10 

2.80 

2.10 

3.00 

.60 

.4 

.70 

.00 

1.20 

7.40 

2.00 

1.90 

2,10 

.60 

.8 

.70 

.00 

1.10 

4.20 

1.80 

1.90 

1.80 

.50 

.8 

.60 

.00 

1.10 

8.10 

1.70 

2.50 

1.50 

.50 

.2 

.60 

.00 

1.00 

2.60 

1.70 

2.00 

1.30 

.40 

.2 

.60 

.00 

1.00 

2.20 

1.80 

1.70 

1.20 

.60 

.2 

.40 

.00 

.90 

2.00 

1.70 

1.50 

1.10 

.40 

.2 

.30 

.00 

.90 

1.80 

1.60 

1.40 

1.00 

.40 

.2 

.30 

.00 

.90 

1.70 

1.50 

1.30 

.90 

.40 

.2 

.20 

.00 

.80 

1.60 

1.40 

1.20 

.80 

.50 

.2 

.20 

.00 

.80 

20.00 

■  1.30 

1.10 

.70 

.60 

.1 

.10 

.00 

1.25 

1.30 

1.00 

.70 

.50 

.1 

.10 

.00 

1.30 



1.40 

1.00 

.80 

.50 

.1 

.10 

.00 

1.20 

••>•••« 

2.70 

.90 

•3 

.10 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.20 
.20 
.20 
.20 
.20 
.20 
.10 
.20 
1.10 
1.40 
1.10 
.80 
.60 


.00 

.00 

.00  I 

.00 

.00 

.00 

.00 

.00 

.40 

.30 

.20 

.20 

.10 

.10 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.30 


.20 
.20 
.20 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.20 
.80 
.30 
.30 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 


D«c. 


1.10 
1.10 
1.90 
1.90 
1.70 
1.60 
1.60 
1.20 
1.00 
.90 
.80 
.70 
.70 
.60 
.60 
3.10 
8.80 
2.40 
1.90 
1.60 
1.60 
2.50 
2.20 
1.80 
1.60 
1.30 
1.10 
1.00 
l.OO 
1.20 
1.40 


.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.20 
.10 
.10 
.10 
.10 
.10 
.20 
.20 
.20 
.20 
.20 
.20 
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Rating  Uiblefor  Locust  Fork  of  Black  Warrior  River  at  Paloafor  190£. 


Gage 
he@it. 

Discharge. 

! 

Gage 
height. 

Discharge. 

Gage 
height. 

Diachai^e. 

Gage 
height. 

1 
Diflcbarge. 

Feet. 

Second-fed. 

1 

Secondrfeet. 

Feei. 

Second-feet, 

Feet. 

Second-feel. 

0.0 

100 

0.9 

900 

1.8 

2,250 

2.7 

3,600 

.1 

140 

1.0 

1,050 

1.9 

2,400 

2.8 

3,750 

.2 

190 

1.1 

1 

1,200 

2.0 

2,550 

2.9 

3,900 

.3 

245 

1.2 

1,350 

2.1 

2,700 

3.0 

4,050 

.4 

310 

1.3 

1,500 

2.2 

2,850 

3.1 

4,200 

.5 

390 

1.4 

1,650 

2.3 

3,000 

3.2 

4,350 

.6 

490 

1.6 

1,800 

2.4 

3,150 

3.3 

4,500 

.7 

610 

1.6 

1,950 

2.5 

3,300 

3.4 

4,650 

.8 

750 

1.7 

1 

2,100 

1 
1 

2.6 

1 

3,450 

3.5 

4,800 

Rating  table  for  Locust  Fork  of  Black  Warrior  River  at  Polos  for  190S. 


Gage 
leight. 


heig 


Feet. 

0.00 

.05 

.10 

.15 

.20 

.25 

.30 

.35 

.40 

.45 

.50 

.55 

.60 

.65 

.70 

.80 

.90 

1.00 

1.10 

1.20 

1.30 

1.40 


Discharge. 


Second-feet. 

46 

61 

77 

95 

115 

139 

167 

197 

230 

266 

306 

350 

398 

448 

500 

605 

720 

845 

980 

1,120 

1,265 

1,420 


Gage 
height. 


Feet. 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 


Discharge. 


Secondrfeet. 
1.590 


1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 


770 
950 
130 
310 
490 
670 
850 
030 
210 
390 
570 
750 
930 
110 
290 
470 
650 
830 
010 
190 
370 


Gage 
height. 


Fset. 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 


Discharge. 


Second-feet. 
5,550 
5,730 
5,910 
6,090 
6,270 
6,450 
6,630 
6,810 
6,990 
7,170 
7,350 
7,530 
7,710 
7,890 
8,070 
8,250 
8,430 
8,610 
8,790 
8,970 
9,150 
9,330 


Gage 
leignt. 


heig 


Feet. 

5.90 

6.00 

6.40 

6.60 

7.00 

7.20 

7.40 

7.50 

7.60 

10.00 

10.20 

11.90 

12.00 

12.20 

12.50 

12.60 

17.00 

18.00 

18.10 

20.00 

23.00 


Discharge. 


Secondrfeet. 
9,510 
9,690 
10, 410 
10, 770 
11,490 
11,850 
12, 210 
12,390 
12, 570 
16,890 
17,250 
20,310 
20,490 
20,850 
21,390 
21, 570 
29,490 
31,290 
31,470 
34,890 
40,290 
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E$timaUd  monihly  discharge  of  I/OCuH  Fork  of  Black  Warrior  River  at  PcUof. 

[Drainage  area,  1,020  square  miles.] 


Month. 


1902. 


Jaonary  . . 
February . . 

March 

April 

May 

Jane 

Jnly 

Aoguet 

September 
October  ... 
November , 
December  . 


The  vear 


1903. 


January  . . 
Febniarv . . 

March 

April , 

>Uy 

June 

Jnlv 

August 

September 
October  .. 
November 
December 


Dischaive  in  8eoond*feet. 


Maximum. 


7,800 

21,900 

40,060 

8,250 

900 

190 

390 

900 

140 

2,550 

1,650 

4,500 

40,050 


4,650 

40,290 

29,490 

17,250 

20,310 

2,670 

720 

845 

230 

230 

167 

115 


Minimum. 


The  year i      40, 290 


900 
1,500 
1,800 
610 
190 
140 
100 
100 
100 
100 
100 
490 


100 


6a5 

980 

1,265 

845 

398 

230 

77 

77 

46 

46 

46 

77 


46 


Mean. 


Run-off. 


Keoond-feet 

perMoare 

mile. 


Depth  in 
inchee. 


2,468 

2.42 

2.79 

4,746 

4.65 

4.84 

8,400 

8.24 

9.50 

2,635 

2.58 

2.88 

374 

.37 

.43 

160 

.16 

.18 

133 

.13 

.15 

157 

.16 

.17 

104 

.10 

.11 

359 

.35 

.40 

282 

.28 

.31 

1,784 

1.75 

2.02 

1,800 

1.76 
1.40 

23.78 

1,428 

1.61 

11,498 

11.27 

11.74 

4,833 

4.74 

5.46 

3,246 

3.18 

3.55 

2,097 

2.06 

2.37 

758 

.74 

.83 

276 

.27 

.31 

326 

.32 

.37 

64 

.06 

.07 

66 

.06 

.07 

89 

.09 

.10 

86 

.08 

.09 

2,064 


2.02 


26.57 
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Nel  horsepower  per  foot  of  faU  with  a  turbine  efficiency  of  80  per  cent  for  the  mvnxmurn 
monthly  discharge  of  Locust  Fork  of  Black  Warrior  River  at  Palos. 


Month. 


January . . 
February. 

March 

April 

May 

June 

July 

August 

September 
October  .. 
November 
December 


1902. 


Minimum 
discharge. 

Minimum 
net  horse- 
power per 
foot  of 
fall. 

Second-feet. 

900 

82 

1,650 

160 

1,800 

164 

610 

55 

190 

17 

140 

13 

100 

9 

100 

9 

100 

9 

100 

9 

100 

9 

490 

45 

Duration 


mum. 


Days. 

4 

1 

2 

1 

4 

18 

13 

19 

27 

11 

17 

2 


1908. 


Minimum 
diBcharge. 

Minimum 

nethorK- 

powerper 

foot  of 

fall. 

Seeondr/eeL 

605 

55 

980 

89 

1,265 

115 

845 

77 

398 

36 

230 

21 

77 

77 

46 

46 

46 

77 

Duntion 

of  mini- 

mam. 


Doifi' 


2 

2 

2 

2 

4 

4 

3 

4 

22 

24 

3 

24 
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SURVBY  OP  BLACK  WARRIOR  RIVER. 

A  great  deal  of  work  is  being  done  by  the  Government  on  this  river 

in  order  to  make  it  navigable  as  an  outlet  to  important  coal  fields  above. 

In  the  92  miles  from  old  Warriortown  to  Tuscaloasa,  there  is  a 


Fio.  8.— Map  of  i>ut  of  Black  Warrior  Riyer  surveyed  by  Corps  of  Enfirineera,  U.  8.  A. 

fall  of  158  feet.  The  distribution  of  this  fall  is  shown  by  the  follow- 
ing table,  giving  distances  in  miles  above  Tuscaloosa  and  elevations  of 
water  surface  above  sea  level. 

1KB  107—04 11 
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[NO.  107. 


Elevations  of  locks  and  gages  and  ivater  surface  on  Block  WarrioT  River  in  Alabama  frt^tn 

Tuscaloosa  up  to  mouth  of  Mulberry  Fork. 

[Sun'ey  by  United  States  Engineer  Corps.] 


Distance 
from  Tus- 
caloosa 
gage. 


Mile*. 

0.0 

.0 

.0 

.9 

.9 

.9 

.9 

.9 

1.2 

1.2 

1.2 

1.2 

2.0 

2.0 

2.0 

2.0 

5.0 

7.9 

8.5 

8.8 

8.8 

8.8 

8.8 

8.8 

16.0 

19.2 

19.7 

21.8 

24.2 

25.  () 

25.8 

26.0 

26.8 

27.4 

28.1 

28.6 

28.8 


Location. 


Locks 

and 

gBge8. 


Feet. 


Water 
surface. 


Zero  of  Tuscaloosa  gage 86. 86 

Water  surface,  mean  low  water,  original  river 

Back  water  from  lock  below  Tuscaloosa ^    91 .  30 

Back  water  below  lock  No.  1 91. 30 

Zero  of  gage  at  lock  No.  1 84. 36 

1  Crest  of  dam  at  lock  No.  1 101.16 

'  Water  surface  original  below  lock  No.  1 i 

I  W^ater  surface  original  above  lock  No.  1 

I  Water  surface  original  below  lock  No.  2 ^ . . . . 

!  Water  surface  original  above  lock  No.  2 | 

j  Zero  of  gage  at  lock  No.  2 94.36 

]  Crest  of  dam  at  lock  No.  2 1  109.66 

I  Zero  of  gage  at  lock  No.  3 1  102.86 

Water  surface  original  below  lock  No.  3 

Water  surface  original  above  lock  No.  3 

Crest  of  dam  at  lock  No.  3 120.16 

Water  surface  original  at  mouth  of  North  River 

Wiater  surface  original  at  mouth  of  Hurricane  Creek 

Water  surface  original  at  mouth  of  Yellow  Creek 

Back  water  from  lock  No.  3  at  foot  of  lock  No.  4 120. 16 

W' ater  surface  original  below  lock  No.  4 | 

Water  surface  original  above  lock  No.  4 | 

Zero  of  gage  at  lock  No.  4 1  1 13.  36 

Crest  of  dam  at  lock  No.  4 i  132.30 

Water  surface  original  at  head  of  Mossy  Shoal 

Water  surface  original  at  foot  of  Rose  Shoals 

Water  surface  at  head  of  Rose  Shoals 

Water  surface  at  foot  of  Fair  Shoals . 

Water  surface  at  head  of  Crowder  Shoals 

Water  surface  at  mouth  of  Blue  Creek I 

Water  surface  at  foot  of  S<iuaw  Shoals I , 

Water  surface  on  Squaw  Shoals 

...do  


Fc€t. 


86.86 


90.00 
91.  (X> 
91.  CK) 
96.00 


106.00 
107. 00 

111.50 
113.00 
113.50 

113.  50 

114.  (X) 


do 
.do 
.do 
.do 


131.30 
132.:^ 
136.50 
139.  80 
151.20 
151.  :i0 
151.30 
158.00 
169.  20 
169.  20 

183.  80 

184.  30 
187.20 
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Eifmtiamt  of  locks  and  ffogei^  and  water  fturfaee  on  Black  Warruyr  River  in  Alabama  from 

T\i9caloo8<i  up  to  mouth  of  Mulberry  Fork — (.V>ntinue<i. 


Enjktance 

iMm  Tus- 
caloosa 


Location. 


29.4 
37.8 
38.0 
43.3 
43.3 
44.7 
47.5 
47.9 
4S.  2 
44.8 
56.9 
5«.0 

a3.o 

65.4 
6S.0 
69.0 
74.4 
75.5 
76.1 
76.1 
79.6 
W.6 
85.3 


Lnt-ks 
and 


Frrt, 


Water  surface  at  hea<l  of  l^uaw  8hoali< 

Water  surface  below  Black  Ro<*k 

Water  surface  above  Black  Rock 

Water  surface  below  Knight's  mill  <laiii 

Water  surface  above  KziightV  mill  dam 

Water  surface  at  mouth  of  Vallev  Creek 

Water  surface  at  foot  of  Fork  Shoals 

Water  surface  at  mouth  of  Ix)cust  Fork 

Water  surface  at  head  of  Fork  Shoals 

Water  surface  at  mouth  of  Lost  Creek 

Water  surface  at  foot  of  Franklins  Shoals 

Water  surface  at  head  of  Franklins  Shoals 

Water  surface  at  foot  of  Copelands  Shoals 

Water  surface  at  foot  of  Lanes  Shoals 

Water  surface  at  foot  of  Tuggle  Shoals 

Water  surface  at  head  of  Tuggle  Shoals 

AVater  surface  at  foot  of  Bee  Shoals 

Water  surface  at  head  of  Bee  Shoals 

W^ater  surface  below  Payne's  mill  dam 

AVater  surface  above  Payne's  mill  dam 

Water  surface  at  month  of  Cane  Creek,  at  Cordova,  Ala 
Water  surface  at  foot  of  Sanders  Shoals 


AVater  surface  at  head  of  Sanders  Shoals,  mouth  of  Black 
w^ater  Creek 


92. 4     Water  surface  at  mouth  of  Mulberry  Fork 


Water 
siirfaci'. 


Fttl. 
192.80 
193. 10 
202.  20 
202.  50 
::06.  10 
206.10 
206.10 
215. 10 
215.50 
216.60 
216.  70 
219. 10 
220.00 
223. 50 
225.  60 
230.  00 
231.80 
236. 90 
237. 10 
240.80 
242. 10 
242.30 

248.80 
249.  75 


Systematic  discharge  measurements  have  been  made  at  Tuscaloosa 
and  Cordova,  the  results  of  which  are  given  in  the  foregoing  pages. 
Comparative  measurements  at  the  two  stations  at  the  same  stage  in 
Nr)veml)er,  1901,  shows  a  discharge  of  825  second-feet  at  Tuscaloosa 
and  285  second-feet  at  Cordova.  At  minimum  stage  of  dry  years  the 
water  gets  considerably  lower,  as  is  shown  by  the  records  referred  to, 
but  the  figures  named  are  safe  for  low  season  in  all  ordinary'  years, 
and  will  be  used  in  this  discussion  for  determining  the  power  available 
at  different  sites  along  the  river. 

The  locks  and  proposed  locks  on  this  section  of  the  river  begin  with 
Xo.  1,  at  Tuscaloosa,  and  are  numbered  up  the  river.  Locks  1,  2,  3, 
and  4  are  about  completed,  and  others  are  projected,  but  the  locations 
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of  the  latter  in  the  following  list  are  approximated.  However,  the 
exact  location  of  each  is  immaterial  in  showing  the  power  available. 
The  following  is  a  table  showing  positions  of  locks  and  lock  sites  in 
miles  above  Tuscaloosa,  the  sea:level  elevation  of  water  below  each, 
the  lift  at  each,  and  the  net  horsepower  that  can  be  developed  at  each 
day  on  an  80  per  cent  turbine  during  the  dry  season  in  ordinary  years, 
like  1900,  after  deducting  100  second-feet  for  lockage: 

Potvers  oil  Black  Warrior  River. 


No.  of  lock  or  site. 

H 
H 

^ 

■ 

V  SI 

|-« 

Milai. 

Elevation  of  water 
below  lock. 

« 

a 

Feft. 

II 

Q 
Sec.Jt. 

Net  horsepower  on 
80  per  cen  t  tu  rbin  e 
without  storage. 

Location. 

Feet. 

1 

0.7 

91.30 

9.86 

725 

650 

Bottom     University    Shoal, 
Tuscaloosa. 

2 

1.3 

101.  16 

8.50 

725 

560 

On  University  Shoal,  Tusca- 
loosa. 

1 

3 

2.0 

109.66 

10.50 

725 

690 

Do. 

4 

8.7 

120.16 

12.14 

704 

777 

Near  mouth  of  Yellow  Creek. 

5 

19.3 

132.  30 

10.00 

660 

600 

Foot  of  Rose  Shoals. 

6 

21.7 

142.30 

9.00 

660 

540 

Foot  of  Fair  Shoals. 

7 

25.8 

151.:^ 

14.00 

660 

840 

Foot  of  Squaw  Shoals. 

8 

26.3 

165.30 

14.00 

660 

840 

On  Squaw  Shoals. 

9 

27.8 

179.30 

14.00 

660 

840 

Do. 

10 

1 

37.7 

193.3 

14.00 

550 

700 

Below  Black  Rock. 

11 

47.6 

207.3 

14.00 

550 

700 

Mouth    of     Little    Warrior 
River,  or  Locust  Fork. 

12 

63.4 

221.3 

14.00 

374 

476 

• 

18 

75.0 

235.3 

14.00 

285 

364 

The  best  power  on  the  river  is  at  Squaw  Shoals,  26  miles  above 
Tuscaloosa,  covered  on  the  above  table  by  locks  Nos.  7,  8,  and  \\  each 
having  a  lift  of  14  feet,  and  making  a  total  fall  on  Squaw  Shoals  of 
42  feet.  This  can  be  developed  to  best  advantage  by  constructing  a 
canal  from  the  top  of  proposed  dam  at  lock  No.  9,  along  the  river 
bank,  2  miles  in  length,  to  a  point  opposite  the  foot  of  Squaw  Shoals, 
below  lock  No.  7.  This  canal,  taking  the  river  water  not  needed  for 
lockage  and  allowing  2  feet  for  grade  and  storage,  will  utilize  a  net 
head  of  40  feet,  and  produce  2,400  net  horsepower  continuously,  or 
4,800  net  horsepower  for  a  twelve-hour  run  per  da}',  storing  the  water 
above  lock  No.  9  during  the  twelve  idle  hours. 

It  is  to  be  remembered  that  the  above  estimates  of  power  are  for 
low  season  during  ordinary  years.     There  will  be  exceptional  periods 
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of  niinimum  water  in  extremely  dry  years  in  which  the  entire  flow  of 
the  river  will  be  as  low  as  ICK)  second-feet,  and  will,  there  fore,  Imrely 
.suflice  for  lockage  during  a  busy  season  of  boating  on  the  river.  (St*e 
Nineteenth  Annual  Report,  United  States  Geological  Surve}',  Part 
IV,  p.  251.)  But  such  seasons  are  i-are,  and  the  facilities*  for  water 
transportation  should  compensate  for  them  to  a  great  extent.  It  is 
admitted  that  the  che^ipness  of  coal  along  this  river  would  naturally 
make  tbe  water  powers  less  valuable,  but  the  cheapness  of  develop- 
ment in  connection  with  (Government  dams  would  partly  offset  the 
cheapness  of  coal.  It  is  believed  that  the  proposed  development  at 
S4]iiaw  Shoals  could  be  made  at  a  very  moderate  cost,  and  that  suc*h  an 
investment  would  pay  handsomely. 

The  following  additional  information  concerning  the  Warrior  and 
Black  Warrior  River  is  from  Mr.  R.  (/.  McCalla,  United  States  assist- 
ant engineer,  Tuscaloosa,  Ala.,  who  is  in  charge  of  the  improvements 
on  that  river: 

Toiicalooea  is  361  miles  bv  river  above  Mobile.     Alxjve  TuwalooRa  tbe  river  la 

m 

calletl  the  Black  Warrior,  and  bt^low  it  is  calle<l  the  Warrior.  The  looks  on  the  twt» 
parts  of  the  stream  are  numbered  as  two  separate  syst^^ms,  the  lowest  lock  in  each 
system  being  No.  1,  and  the  numbers  running  upstream.  The  following  table  gives 
the  lift  an<l  location  of  the  locks  in  both  systems: 


No.  of    1 
lock. 

Lift  in 
feet. 

Miles 

above 

Mobile. 

■ 

la 

10.00 

230.5 

0.5  miles  below  mouth  of  Warrior;  l(M'ate<l  but 

1 
i 

not  l)^un. 

2« 

10.00  1     246.2 

Located  but  not  l)egun. 

3« 

10.00 

266.7 

Do. 

4« 

10.00  '     282.3 

Under  construction. 

5« 

10.00 

298.3 

Do. 

6a 

10.00 

315.  2 

Do. 

1  b 

9.86 

361.9 

In  operation. 

2& 

8.50 

362.3 

Do. 

3& 

10.50 

363.1 

Do. 

4fc 

.12. 14 

370.1 

Under  construction. 

a  Belo\ 

V  TiiKcal<xx« 

<a.                                               b  Above  TascaUxisH. 
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Between  lock  No.  4  and  the  junction  of  Mulberry  and  I»cu8t  forks,  407.8  uiilc?** 
alx)ve  Mobile,  there  are  projected  seven  locks  at  14  feet  lift  each,  but  none  of  tlie*<e 
are  yet  located.  The  following  table  gives  the  location,  etc.,  of  gages  now  t»stal>- 
lished  and  read  daily  at  7  a.  ni. : 


Name  of  gage. 

Num- 
ber of 
gages. 

Miles 

above 

Mobile. 

Elevation 
of  zero 
above 

mean  low 
(      tide. 
Mobile. 

Remarks. 

ft 
Deinopolis^' 

1 

229.7 

28.07 

Zero  about  1 J  feet  above  mean  low  wat^jr. 

Millwood" 

1 

259.  8 

i    45.97 

Zero  about  mean  low  water. 

Lock  4  « 

282.  3 

54. 50 

Zero  top  of  lower  miter  sill. 

A.  G.S.  bridge  «. 

1 

288.0 

61.26 

Zero  about  mean  low  water. 

Lock  5  « 

298.3 

64.  50 

Zero  top  of  lower  miter  sill. 

^ 

Lock  6  a 

315. 2 

74.  50 

Do. 

Grays  Landing^. 

319.5 

80.41 

1 
Zero  al)out  mean  low  water. 

• 

Tuscaloosa 

361. 1 

86.86 

Zero  about  1  foot  above  mean 

low  water. 

I^klfc 

2 

361.9 

84.36 

Zero  top  of  lower  miter  sill. 

Lock2fe 

2 

362.  3 

94.  36 

Do. 

Lock3ft 

2 

363.1 

102.  86 

Do. 

Lock  4 '' 

1 

370. 1 

113.36 

Do. 

Cordova^ 

1 

445. 0 

237. 85 

Zero  about  mean  low  water. 

aB< 

jlowTui" 

icaloooa. 

f>  AlK)ve  Tuscaloom. 

TRIBUTARIES  OF  BLACK  WARRIOR  RIVER. 

At  Clear  Creek  Falls,  in  Winston  County,  within  a  distance  of  half 
a  mile,  there  is  a  fall  of  over  100  feet,  distributed  as  follows: 

Fall  on  Clear  Creekf  Wington  County. 

Foot. 

Rapids  above  Upper  Falls  in  100  yards 6 

Upper  Falls,  about 45 

Still  pool  for  275  yards 00 

Ix)wer  Falls 27 

Rapids  below  Lower  Falls 30 

No  discharge  measurements  have  ever  been  made  on  this  stream. 
It  is  thought  best  not  to  attempt  to  approximate  its  flow,  as  the  stream 
originates  from  big  springs. 
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TOMBIGHEK   RIVKR  ANI>  TRIliFTAUIKK. 

TOMBIGBEE  RIVER  AT  COLUMBUS,  MISS. 

This  stream  enters  Alabama  a  short  distance  below  Cohmibus. 

The  station  is  located  about  1,000  feetl>elow  the  hi^hwa}'  bridge,  1^ 
miles  from  the  Southern  Railway  station  at  C/olumbus.  The  rod,  which 
i.s  in  three  sections,  is  fastened  vertically  to  the  rock  bluff  on  the  left 
l)ank.  It  is  a  3  by  10  inch  pine  timl>er  45  feet  lonjr,  marked  with 
bniss  figures  and  copper  nails,  the  graduation  extending  from  -  5 
feet  to  +40  feet.  The  initial  point  of  sounding  is  the  end  of  the  iron 
bridge,  right  bank,  downstream  side.  Bench  mark  No.  1  is  250  feet 
from  the  initial  point  of  sounding.  The  bridge  fl(K>r  is  40.H5  feet  above 
the  zero  of  the  rod,  and  the  top  of  the  iron  ginler  under  the  floor  tim- 
l>ers  is  39.85  feet  above  the  zero.  Ifench  mark  No.  2  is  the  top  of  the 
rail  at  the  station  of  the  Southern  Railway,  and  is  55.2  feet  al)ove  gage 
datum  and  190.9  feet  above  mean  sea  level.  The  width  of  the  river 
at  low  water  is  160  feet.  The  maximum  record  height  of  the  river 
was,  on  April  8,  1892,  when  the  gage  registered,  42  feet.  The  lowest 
recorded  height  was  on  October  26,  1893,  when  the  gage  reading 
was  —3.9  feet.  The  danger  line  is  at  33  feet.  No  measurements  of 
dL*charge  were  made  during  1900. 

The  following  discharge  measurements  were  made  by  K.  T.  Thomas, 
M.  R.  Hall,  and  others. 

Discharge  measurements  of  Tonibigbee  Rirer  at  CoiumbitSf  Misn. 


Dnte. 


1901. 


Gage 
hefgtit. 


March  11 12..33 

April  16 '      1.10 


June  25 . . . 
(H'tobtT  30 


11*02. 

Aprils 

July  11 

July  15 

September  23. 
y«^ptenil)er  26. 


Dj»chari?e. 


FBd.      '  Seeond-feet. 


-  2.50 

-  3.00  ^ 

I 

27.60 

-  3.40  I 

-  2.  70  I 
-  3.  25  ' 

-  3.30 


19,425 

3,926 

698 

657 

45,  214 

697 

1,058 

545 

493 


Date. 


1903. 

March  9 

March  12  .... 

May  18 

July  16 

July  17 

September  22 
Septeni})er  25 


her^M.   i  I>^«»'"r»,e. 


Fcfi.      I  Sicotul-fr/t. 


15. 
17. 
12. 

1. 

1. 


o 


-  3. 


50 

:io 

50 
70 
80 
70 
70 


26, 452 

29, 015 

17,804 

1,340 

1,278 

252 

2('>3 
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Daily  gage  height,  in  feet ^  of  Tomhigbee  River  ai  ColumbuSj  Miss. 


Day. 


1900. 
1 

3. 

■4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1901. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


8.5 

2.2 

1.8 

1.6 

1.4 

1.2 

1.1 

1.0 

.9 

.9 

2.0 

6.6 

8.3 

7.1 

5.6 

4.6 

2.8 

2.4 

2.2 

2-1 

1.9 

1.8 

1.6 

1.4 

1.2 

1.1 

.9 

.7 

.6 

.5 

.4 


4.0 

3.7 

3.2 

2.6 

1.8 

1.0 

.7 

.1 

.0 

.3 

10.9 

16.9 

19.4 

21.7 

22.7 

22.3 

20.9 

18.8 

16.0 

13.6 

9.4 

6.2 

3.8 

3.0 

5.9 

6.5 

6.3 

6.0 

5.8 

5.7 

5.5 


Feb. 


0.4 
.3 
.2 
.4 
1.8 
8.5 
3.5 
3.3 
4.2 
8.4 
7.8 
7.6 
10.2 
9.8 
8.1 
5.8 
4.6 
8.8 
3.2 
2.8 
3.5 
6.6 
6.4 
4.5 
5.0 
5.0 
3.9 
4.2 


6.0 

5.9 

6.8 

12.3 

13.2 

13.9 

15.1 

15.9 

15.6 

14.6 

13.0 

12.5 

12.4 

11.0 

8.9 

6.0 

4.4 

3.3 

2.7 

2. 

1. 


2 
8 
5 
2 
0 
0 


1.1 
1.2 
1.0 


Mar. 


7.1 

6.8 

5.6 

4.4 

8.8 

3.4 

7.6 

14.4 

15.1 

13.8 

11.3 

9.9 

6.7 

4.3 

4.8 

5.6 

5.2 

4.6 

9.4 

15.6 

18.2 

19.0 

19.2 

18.1 

15.2 

11.4 

7.8 

4.6 

8.9 

3.1 

3.8 


0.9 

.8 

2.2 

2.4 

2.1 

1.8 

1.4 

1.2 

1.0 

8.8 

12.1 

14.0 

17.8 

19.4 

19.0 

17.1 

13.8 

10.8 

8.0 

6.3 

4.6 

3.5 

3.2 

3.1 

2.8 

2.5 

2.2 

1.9 

1.6 

1.4 

2.3 


4.5 

3.8 

2.7 

1.9 

1.5 

1.3 

1.3 

1.1 

.7 

.5 

11.7 

16.2 

17.4 

19.3 

20.8 

20.9 

22.9 

26.9 

27.6 

27.5 

27.1 

25.5 

23.3 

21.3 

19.4 

17.3 

14.8 

11.8 

9.5 

9.4 


2.6 

6.4 

8.0 

7.1 

6.8 

6.2 

5.3 

4.0 

2.9 

2.0 

1.4 

.9 

.7 

.7 

.9 

1.2 

1.5 

6.0 

11.8 

12.4 

12.7 

13.5 

13.6 

11.8 

8.2 

6.1 

3.4 

2.5 

1.8 

1.3 


May. 


8.0 

6.6 

6.9 

4.6 

2.8 

1.6 

.8 

.5 

1.4 

2.3 

8.8 

8.6 

2.8 

2.2 

1.6 

+  .7 

.9 

-  .4 
-1.0 

-  .8 

-  .5 

-  .5 


+ 


.1 

.2 

.3 

2.3 

2.4 

2.2 

1.6 

1.0 

.8 


0.9 
.6 
.2 
.0 

-  .3 

-  .6 

-  .6 

-  .9 
-1.0 
-1.1 
-1.2 
-1.2 

-  .4 
+3.3 

4.4 
4.4 
3.6 
2.7 
2.1 
2.1 
6.3 
6.7 
6.3 
5.3 
4.0 
2.2 
1.6 
1.8 
1.7 
1.2 
.9 


1.0 
8.0 
10.0 
13.4 
16.3 
17.0 
20.7 
28.6 
25.5 
26.0 
23.6 
21.6 
20.0 
18.5 
17.8 
17.1 
17.3 
17.8 
18.0 
16.8 
16.2 
13.6 
13.8 
18.6 
21.6 
24.1 
25.0 
24.8 
23.5 
21.7 


1.8 
3.1 
3.8 
3.9 
8.5 
3.1 
2.8 
1.9 
1.4 
1.0 
.1 
.7 
1.0 
.9 
.8 
.8 
.8 
1.0 
1.2 
1.7 
2.0 
2.2 
2.4 
2.5 
2.5 
2.6 
2.6 
2.6 
2.7 
2.6 


July. 

Aug. 

19.7 

6.8 

18.8 

4.0 

17.6 

2.8 

16.2 

1.9 

15.9 

1.0 

16.4 

.0 

14.6 

-    .5 

13.6 

-    .9 

10.0 

-  1.4 

6.8 

-  1.8 

6.5 

-  2.2 

4.0 

-  2.6 

3.5 

-  2.6 

2.0 

-  2.7 

1.9 

-  2.2 

1.6 

-  2.2 

1.0 

-  2.3 

.6 

-  2.8 

.0 

-1.8 

.4 

-1.4 

1.3 

-1.1 

2.0 

-1.6 

1.9 

-1.9 

1.4 

-  2.0 

.7 

-     .1 

.1 

+  1.2 

1.8 

■f    .6 

6.0 

-    .3 

7.2 

-  1.1 

6.9 

-  1.0 

6.7 

-  1.4 

-  1.6 

-  8.2 

-  2.4 

-  3.4 

-  2.4 

-  8.5 

-  2.1 

-  8.4 

-  2.4 

-  3.8 

-1.6 

-  8.2 

-  2.6 

-  8.0 

-  2.6 

-  2.8 

-  2.7 

-  2.8 

-  2.8 

-2.9 

-  2.8 

-  2.9 

-  2.9 

-3.1 

-  8.0 

-  3.0 

-  3.1 

-  3.2 

-  3.1 

-  1.5 

-  3.2 

+  4.0 

-  8.2 

11.5 

-  3.0 

12.4 

-  8.0 

12.4 

-  3.0 

14.0 

-  2.0 

15.6 

-  1.9 

15.9 

-  2.3 

14.8 

-2.6 

12.1 

2.6 

8.9 

-2.9 

6.5 

-  3.0 

4.1 

3.1 

2.0 

-  3.2 

1.6 

3.3 

1.1 

-3.4 

.3 



Sept. 


-1.2 
-1.0 
-1.0 

-  .7 

-  .6 

-  .9 
-1.3 
-1.9 
-2.1 
-2.3 
-2.4 
-2.6 
-2.6 
-2.7 
-2.7 
-2.8 
-2.9 
-3.0 
-3.0 
-3.1 
-3.0 
-2.9 
-2.7 
-1.3 
-1.7 
-2,0 
-2.2 

-2.4 


-2.5 
2.6 


-0.4 

-  .9 

-1.3 

-1.6 

-1.6 

-1.9 

-2.0 

-2.2 

-2.8 

-2.4 

-2.5 

-2.5 

-2.4 

-2.1 

-1. 

-1. 


+2. 
3. 


8 

,0 

2 

5 

4 

3.6 

2.6 

1.4 

.4 

-  .6 

-1.2 

-1.6 

-1.9 

-2.1 

-2.2 

-2.3 


Oct.   Nov.  De< 


I 


-2.7 
-2.8 
-3.0 
-3.1 
-8.8 
-3.5 
-3.5 
-2.2 
-1.0 

-  .6 

-  .4 
+2.6 
+4.8 
+5.2 
+5.6 
+5.4 
+2.4 
+  .4 

-  .4 

-  .9 
-1.1 
-1.8 

-1.0 
-  .2 
+  .8 
+1.0 
+5.1 
+5.6 
+3.0 
+4.6 
+4.0 


2.3 

2.0 
-2.2 
-2,2 
-2.6 
-2.5 

2.6 
-2.7 

2.7 
-2.8 

2.8 
-2.8 

2.6 

2.5 
-2.2 


-2. 

2. 
-2. 

2. 


+2,6 
+4.9 
+6.6 
+6.1 
+4.4 
+8.1 
+1.9 
+  .9 

-  .1 

-  .6 
-  .9 
-1.1 
-1 
-1, 
-1 
-1 
-1.5 

1.6 
-1.6 
-1.6 

1.6 
+1.2 
.0 
+1.7 
+2.8 
+2.8 
+8.3 
+3.8 

+3.9 
+3.8 


3 
3 
4 
5 


-3.0 

-3.0 

-8.0 

2.9 

-2,9 

-2.9 

-3.0 

-2,8 

-2.8 

-2.8 

-2.7 

-2.8 

-2.8 

2.8 

2.8 

2.7 

2.7 

2,7 

-2.6 


-2.4 

-  2.5 

-2.5 

-2.4 

2. 6 

-2.2 

-2.7 

-2.3 

-  2.8 

-2.1 

-2.9 

-2.0 

-2.9 

-1.9 

-2.9 

1.8 

2.9 

-1.8 

-3.0 

2.0 

-3.0 

-2. 1 

-3.0 

+ 

+ 
+ 

+ 
+ 

+ 
+ 


3.4 

2.5 

1.9 

1.0 

.3 

.3 
.0 
.3 
.5 
.6 
.9 
.9 
.9 
.9 
.9 
0 


+ 

+ 
+ 
+ 
+ 
+ 
-  1 

-  1.0 

-  1.0 

-  1.0 
+  3.0 

-  5.8 
+  6.0 
-h  6.0 
+  6.8 
+  6.1 
+  5.0 
+  4.0 
+  4.2 
+  4.S 


2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.1 
2.0 
1.8 
1.1 
.6 
.1 
4.5 
9.5 
9.8 


9.2 
9.8 
10.0 
8.8 
5.9 
4.8 
2.4 
1.4 
.8 


1 

1 

9 

11 


1 
0 
0 
0 


9.6 
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Daily  gttgt  hfight^  infeety  of  Tomhigbee  River  at  (\>lumbu^,  Mut». — Continued. 


D«y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

I 

1 

June. 

1  July. 

■  AUK. 

8t'pt. 

Ovi. 

1 

Nov. 

nee. 

19Q2. 

1 

9.20 
8.90 
7.70 
5.80 
4.00 

14.50 
16.80 
17.90 
18.50 
19.00 

9.50 
9.30 
9.30 
9.20 
9.80 

30.30 
29.40 
'28.20 
26.30 
23.70 

0.00 

-  .50 
-1.50 

-  .90 

-  .20 

-2.60 
-2.60 
-2.50 
-2.60 
-2.60 

-3. -20 
-8.20 
-3.20 
-3.20 
-3.20 

-2.60 
-  1.30 

-  .50 
.20 

-  .10 

-2.40 
2,70 
2.40 
2.20 
2.50 

-2.20 

-1.80 

'      .90 

.60 

1.00 

-3.80 

3.30 

1    3.30 

1    3.90 

3.30 

3.80 

•» 

3.90 

S 

1    4.90 

4 

1    5.10 

5 

1    5.70 

6 

2.50 

17.60 

9.20 

20.50 

-  .10 

-2.70 

3.30 

-  .40 

2.20 

-1.30 

3.20 

6.70 

7  .............. 

1.50 
.90 

16.00 
13.60 

8.20 
7.80 

18.20 
18.90 

.40 
-  .60 

-2.70 

2.80 

3.30 
3.30 

1.00 
-  1.60 

2.20 
2.10 

1.60 
2.00 

3.10 
1    3.10 

4.90 

is 

4.60 

9 

.fC 

10.70 

7.00 

18.30 

-  .40 

-2.80 

-3.40 

2.00 

2.20 

2.30 

'    8.00 

3.90 

10 

.10 

7.60 

6.00  1  17.80 

-  .20 

2.90 

3.40 

2.30 

2. 40 

2, 50 

2.90 

3.00 

11 

-  .20 

5.60 

6.00 

17.40 

-  .50 

-2.80 

3.20 

2.70 

2.70 

2.90 

3.00 

2.20 

VI 

-  .20 

3.00 

4.20 

16.00 

-  .80 

-2.90 

3.40 

2.90 

3.00 

2.60 

3.00 

1.50 

13 

-  .50 

2.10 

4.30 

13.00 

-1.00 

2.80 

3.00 

3.00 

3.20 

2.70 

1    3.10 

.80 

14 

-  .60 

1.40 

4.30 

9.00 

-1.30 

-2.90 

2.50 

-  3. 10 

3.30 

2. 50 

I    3.10 

.60 

l.> 

-  .90 

4.00 

4.80 

5.60 

-1.50 

-3,00 

2.70 

3.20 

3.40 

2.20 

'    3.10 

.60 

16 

-1.00 

6.40 

6.00 

4.20 

1.60 

-3.10 

-3.00 

3.30 

3.50 

-2.20 

3.00 

1.20 

17 

-1.00 

5.60 

7.40 

3.50 

-1.10 

-3.20 

H.10 

3.30 

3.50 

2.00 

3.00 

1.90 

is 

-1.00 

5.90 

7.60 

3.00 

-1.30 

-3. -20 

3.20 

3.30 

3.50 

2. 50 

3.00 

11.10 

W 

-  .60 

5.60 

7.50 

2.70 

-1.10 

3.20 

-  3.30 

3.40 

3.50 

2.50 

3.00 

11.80 

20 

+  .50 

4.60 

6.79 

2.20 

-1.10 

3.20 

3.:» 

3.40 

3.50 

2.60 

3.00 

13.00 

21 

3.10 

4.40 

5.70 

2.00 

-1.00 

3.10 

2.70 

3.40 

3.40 

-2.90 

-2.90 

13.20 

'P-* 

5.20 
5.60 

5.30 
5.60 

4.70 
3.50 

1.80 
1.60 

-1.20 

-1.50 

-3.00 
-2.90 

3.00 
-  3.00 

-  3.50 
-3.50 

3.30 
-3.30 

3.00 
3.00 

2.90 
2.90 

14..S0 

23 

13.  «0 

24 

5.80 
5.60 
4.60 

5.30 
6.40 
5.80 

4.00 
6.40 
6.10 

1.10 
.90 
.70 

1.70 
1.90 
2.10 

2.80 

-3.00 

3.00 

2.90 

2.90 

-2.80 

3.50 

-3.60 

3.60 

3.30 
3.40 
3.40 

3.00 
3.10 
3.10 

-2.90 

1.40 

.30 

12. 10 

25 

10.00 

JB 

10.40 

27 

•  4.00 

6.10 

7.40 

10.00 

12.40 

5.70 
8.10 

13.40 
21.00 
28.00 
30.50 
30.60 

.60 
.40 
.30 
.30 

2.20 
2.30 
2.40 
2.50 
-2.50 

3.00 
3.00 
3.10 
3.20 

2.90 
-2.90 

2.60 
-3.00 
-3.00 

-3.60 

-3. 10 

-3.00 

-2.50 

-2.40 

3.:)0 

3.20 

-3.10 

-2.90 

3.10 
3.20 
3.:U) 
-3.30 
3.30 

1.20 
2,50 
2.90 
3.50 

10. 60 

•2S    

10.  SO 

29 

il.:io 

30 

10.40 

31 

9.50 

1903. 

1 

8.8 
8.4 
11.8 
12.2 
11.8 
12.2 

9.0 

8.2 
7.7 
8.5 
8.8 
9.0 

10.4 
10.8 
11.5 
11.7 
11.4 
11.5 

8.5 
3.4 
3.0 
2.5 
2.0 
1.7 

-0.4 

-1 

-1.1 

1.1 

-1.2 

3.1 
2.9 
3.0 
3.0 
2.9 
2.3 

0.0 
-  .8 
-1.3 
-1.4 

1.6 
-1.7 

-2.2 
-2.1 
-2.2 
-2.4 
-1.6 
-2.8 

3.4 

3.4 

-3.5 

-3.5 

-3.5 

3.6 

-3.7 

-3.7 

3.7 

-  3.7 

3.7 

3.7 

3.2 
2.8 
2.0 
1.8 
1.7 
1.6 

3.0 

2 

-2.6 

3 

2.6 

2.8 

5 

3.0 

6 

3.0 

7  .............. 

1*2.0 
11.0 

8.8 
8.5 

12.0 
18.6 
19.8 
20.5 

12.4 
13.6 
15.3 
16.0 

1.3 

1.0 

.8 

1.6 

-1.3 
-1.4 
-1.4 
-1.4 

2.3 
2.3 
2.1 
1.9 

-2.0 
-1,8 
-2.0 
-2.0 

-2.9 
-3.0 
-2.4 
-2.3 

3.6 

-3.6 

3.6 

3.6 

3.7 

-3.6 

3,7 

-3.7 

1.4 
1.4 
1.5 
1.5 

3.0 

8 

3.0 

9 

3.0 

10 

3.0 

11 

8.9 
9.5 

22.3 
23.9 

17.0 
17.3 

2.6 
2.4 

1.4 
-1.1 

1.3 
1.2 

-2.0 
-2.0 

-1.5 
-1.0 

3.6 
-3.7 

3.7 
3.6 

1.5 
1.5 

-3.0 

12 

2.9 

13 

9.8 

9.9 

10.4 

10.4 

9.4 

23.8 
22.7 
21.5 
20.9 
•22.5 

17.5 
18.5 
19.8 
20.0 
19.8 

2.2 
1.9 
2.7 
3.6 
3.6 

1.0 

8.0 

10.6 

12.0 

12.0 

.8 
.1 

-  .4 

-  .8 
-1.0 

2.1 

-1.7 

-1.8 

-1.9 

-1.9 

-1.0 
-  .8 
-1.2 
-1.2 
-1.5 

3.7 
-3.7 
-3.7 
-3.7 
-3.7 

3.6 
-3.6 

3.6 
-3.6 
-3.5 

1.4 
2.3 
2.6 
3.0 
8.0 

-2.8 

14 

2.6 

lo      

2,0 

16 

2.9 

17 

-3.0 

m 

7.6 
5.6 

23.0 
23.1 

19.2 
18.3 

3.3 
2.8 

12.5 
11.9 

-1.6 

-1.8 

2.1 
-2.3 

-1.7 
-1.9 

-3.7 
-3.7 

-3.5 
-3.6 

3.2 
2.7 

-3.0 

19 

-2.8 

ao 

4.6 
5.5 
3.2 
2.7 

23.6 
23.3 
21.7 
19.8 

16.7 
14.0 
12.1 
10.8 

2.2 
1.5 
1.0 
1.6 

10.1 
7.6 
5.7 
3.0 

1.9 

-1.9 

2.0 

2.0 

-2.4 
-2.5 
-2.6 
-2.6 

-1.0 
-1.7 
-1.4 
-2.0 

-3.7 
-3.7 

-3.7 
-3.S 

-3.6 

-3.5 

3.5 

-3.5 

2.7 
2.7 
2.7 

2.8 

2.6 

21 

2.5 

22 

2.5 

■23 

2.6 

'l\ 

2.3 
2.0- 

17.0 
15.8 

9.8 
9.5 

2.0 
2.0 

1.2 
.4 

1.7 

1.3 

-  3.0 
-3.0 

-2.3 
2. 5 

-3.8 
-3.7 

-3.6 
-3.6 

2.8 
2. 6 

2.9 

25 

-2.9 

fl» 

1.9 

14.6 

8.8 

1.6 

-  .2    , 

-1.6 

-3.0 

2.6 

3.7 

3.5 

2.7 

2.7 

-n 

1.9 

8.7 

6.9 

1.4 

-  .6 

.H 

-3.0 

2.9 

-3.7 

3.5 

2.7 

2.1 

5.6 
7.6 

9.2 

5.1 
4.0 

.6 
,1 

-1.0 
-1.0 

1.9 
1.5 

3.0 
-3.1 

2.9 
.'1.0 

-3.7 
3.7 

3.5 
3.5 

2.8 

-1.7 

29 

-1.6 

3iJ 

8.0 

8.8 

3.4 
3.5 

-  .2 

-1.1 

.1 

1 

.8 

-3.1 
-3.1 

3.1 
3.3 

-3.7 

3.6 
3.5 

1.6 

31 

-1.8 

' 

1 
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Rating  table  for  Tombigbee  River  at  Columbus^  Mis^.^for  1900  and  J 901. 


(jflge 
height. 

Discharge. 

(iiige 
height. 

Feet. 

Discharge. 
Second-feet. 

Gtt^e 
heiglit. 

1 

Discharge. 

1 

t 

,      Oage 
1    height. 

Fed. 

I>ischaiK(>. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-frti. 

-  3.  0 

650 

1.0 

3,  790  ' 

5.0 

9,310  1 

9.0 

14,  a30 

2.9 

668 

1.1 

3, 928 

5.1 

9, 

448  , 

9.1 

14, 968 

-2.8 

688 

1.2 

4,0()6 

5.2 

9, 

,586 

9.2 

15, 10(i 

-2.7 

1 

712 

1.3 

4,204 

5.3 

« 

,724 

9.3 

15,244 

2.  6 

736 

1.4 

4,342 

5.4 

9, 

862 

9.4 

15,:W2 

-  2.5 

752 

1.5 

4,480 

5.5 

10, 

000 

9.5 

15,520 

-  2.4 

780  , 

1.6 

4,618 

5.6 

10, 

138  ' 

9.6 

15,a5S 

-2.3 

810 

1.7 

4, 756  1 

5.7 

10, 

27() 

9.7 

15,  796 

-2.2 

842 

1.8 

4,894 

5.8 

10, 

414 

9.8 

15, 934 

-2.1 

877 

1.9 

5,032 

5.9 

10 

552 

9.9 

16,072 

2.0 

915 

2.0 

5,170 

6.0 

10, 

,690 

10.0 

16,210 

-1.9 

956 ; 

2.1 

5,  308 

6.1 

10 

828 

10.1 

16,  348 

-1.8 

1,000 

9   ') 

5, 446 

6.2 

10, 

,96<J 

10.2, 

16, 486 

-1.7 

1 

,047 

2.3 

5, 584 

6.3 

11, 

,104 

10.3 

16,624 

-  1.6 

1 

,097 

2.4 

5,  722 

6.4 

u, 

242 

10.4 

16,762 

-1.5 

1 

,150 

2.  5 

5,860 

6.5 

11 

380 

10.5 

16,900 

-1.4 

1 

,206 

2.6 

5,  998 

6.6 

11, 

,518 

10.6 

17,038 

-1.3 

1 

,265 

2.7 

6,136 

6.7 

11, 

65(5 

10.7 

17,176 

-1.2 

1 

,328 

2.8 

6,  274  ' 

6.8 

11, 

,794 

10.8 

17,314 

-1.1 

1 

,394 

2.9 

6,412  ' 

6.9 

11, 

932 

10.9 

17, 452 

-1.0 

1 

,4e>4 

3.0 

6,550 

7.0 

12, 

070 

11.0 

17,590 

.9 

1 

,  537 

3.1 

6, 688 

7.1 

12, 

208  . 

11.5 

18,280 

-   .8 

1 

,613 

Q    9 
o.  ^ 

(i,  826 

7.2 

12, 

346 

12.0 

18,970 

--   .  7 

1 

,692 

3.  3 

(1,964 

1 

7.3 

12, 

484 

12.5 

19,660 

-  .6 

1 

,775 

3.4 

7,102 

7.4 

12, 

622 

13.0 

20,350 

.5 

1 

,863 

3.5 

7,240 

7.5 

12, 

760 

13.  5 

21,040     ' 

.4 

1 

,  957 

3.6 

7, 378 

7.6 

12 

898 

14.0 

21,730 

.3 

2 

,  057 

3.7 

7,516 

13 

036 

14.5 

22, 420 

.2 

2 

,  Ui5 

3.8 

7,  r>54 

7.8 

13 

174  1 

15.0 

23,110 

-  .1 

9 

- 

,28.3 

3.9 

7,  792 

7.9 

13 

,312 

15. 5 

23,  mo  ' 

.0 

2 

,410 

4.0 

7,  930 

8.0 

13 

,  450 

16.0 

24, 4<K) 

.1 

2 

,548 

4.1 

8,068 

8.1 

13 

588 

16.5 

25,  ISO 

.2 

2 

,(>86 

4  *> 

8,206 

8.2 

13 

,  72() 

17.0 

25,  870 

.3 

2 

,824 

4.3 

8,:i44 

8.3 

13 

,864 

17.5 

26, 560     ' 

.4 

2 

,9()2 

4.4 

8,482  ' 

'  8.4 

14 

,002 

18.0 

27,250 

.5 

'^ 

,100 

4.5 

8,620 

8.5 

14 

,140 

18.5 

27,940 

.() 

3 

,238 

4.6 

8,  758 

8.6 

14 

,278 

19.0 

28,  (130 

.  t 

3 

,  376 

4.7 

8,  89(J 

8.7 

14 

,416 

19.5 

29,  320 

.8 

3. 

,514 

4.8 

9, 034 

8.8 

14 

,  554 

20.0 

30,010 

.9 

.       3 

,652 

4.9 

9, 172 

8.9 

_ 

14 

,  692 

EALI.I 


TOMBIGBEE   RIVER    AND   TRIBUTARIES. 


171 


Rating  table  for  Tombighee  Rit>er  at  ColumhuK,  ^fit(x.,for  190 J 


Gape 
height. 

I)b«^haiX('- 

(iaxe 
heiufht. 

DiitchftrKi'. 

1 

Srrond/eet. 

(iagv 
liHght. 

/•Yd. 

DiNC'baixi'- 
Second-/c*t. 

hciKht. 

I)i><('l)arK('. 

Feet. 

Srronfl-feri. 

Feet. 

— 

-3.4 

500 

0.2 

3,230 

6.5 

10,4(X) 

15.  5 

24,  750 

3.2 

6:30 

.4 

3,410   1 

7.0 

11,100 

16.0 

25,  (K)0 

-  3.0 

760 

.6 

3, 590 

7.5 

11,815 

17.0 

27, 300 

2.8 

890 

.8 

3,  780 

8.0 

12,540 

18.0 

29,000 

2.6 

i,a^ 

1,0 

3, 970 

8.5 

13,2^K) 

19.0 

30,  700 

-2.4 

1,  170 

1.2 

4,160 

9.0 

14,040 

20.0 

32, 400 

—  2.2 

1,310 

1.4 

4, 350 

9.5 

14,815 

21.0 

34, 100 

2.0 

1,450 

1.6 

4,550 

10.0 

1 

15,51K) 

22.  0 

;i5,  8(X) 

1.8 

1,5*K) 

1.8 

4,  750 

10.5 

16,  370 

23. 0 

37, 500 

-  1.6 

1,740 

2.0 

4,  \m 

U.O 

17, 170 

24.0 

39,  2(K) 

—  1.4 

1,890 

1         2. 5 

5, 475 

11.5 

17,975 

1 

25.0 

40, 1H)0 

—1.2 

2,040 

3.0 

6, 020 

12.0 

18,800 

26. 0 

42,  (iOO 

-1.0 

2,190 

3.5 

6, 585 

12.5 

19,  <>50 

27.0 

44,  3(i0 

.8 

2,350 

'        4.0 

7,170 

13.0 

20, 500 

28.0 

46, 000 

-  .6 

2,520 

4.5  ! 

7, 775 

1 

13.5 

21,^50 

29.0 

47,700     ' 

—  .4  ' 

2,690 

5.0 

8,400 

14.0 

22,  200 

mo 

49,400 

—  .2 

2, 870 

5.5 

9,a50 

14. 5 

23,050 

1 

1 

.0 

3,  a50 

6.0 

9,720 

15. 0 

23,900 
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Rating  table  for  Ibmbigbee  River  at  Columbus,  Miss.,  for  1903, 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Serond-fectl 

Gage 
i   height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Secondr/ect.  i 

Fsei. 

Second-feet. 

3.80 

220  , 

1.30 

1,660 

1.20 

3,940 

3.70 

6,740 

-3.70 

260 

1.20 

•*i 

740 

i.:w 

4,050 

3.80 

6,860 

3.60 

340  ; 

-1.10 

■*! 

,820 

1.40 

4,160 

3.90 

6,985 

3. 50 

340 ; 

-1.00 

M   ■ 

,900 

1.50 

4,270 

4.00 

7,110 

3.  40 

380 

L 

-  .90 

M  < 

,980 

1.60 

4,380 

4.10 

7,235 

-3.30 

425 

-  .80 

2, 

,060 

1.70 

4,490 

4.20 

7,360 

3.20 

470 

-  .70 

2, 

,i-;o 

1.80 

4,600 

4.30 

7,485 

3. 10 

520 

-  .60 

2, 

220 

1.90 

4,710 

4.40 

7,610 

3.00 

570 

-  .50 

2, 

310 

2.00 

4,820 

4.50 

7,735 

-2.90 

620 

.40 

2, 

,400 

2.10 

4,930 

4.60 

7,860 

2.80 

675 

.30 

2, 

490 

2.20 

5,040 

4.70 

7,990 

2.70 

730 

.20 

2, 

680  , 

2.30 

5,150 

4.80 

8,120 

-2.60 

785 

.10 

2, 

670 

2.40 

5,260 

4.90 

8,250 

-2.50 

840 

.00 

2, 

,760  : 

2.50 

5, 370 

5.00 

8,380 

-2.40 

895 

.10 

2, 

,850 

2.60 

5,480 

5.10 

8,510 

2.  30 

950 

.20 

2, 

,940 

2.70 

5,590 

5.20 

8,640 

-  2.20 

1,010 

.30 

3, 

040 

L 

2.80 

5,700 

5.30 

8,775 

-2. 10 

1, 070 

.40 

3, 

,140 

2.90 

5,810 

5.40 

8,910 

-2.00 

1,135 

.50 

3, 

240 

3.00 

5,920 

5.50 

9,045 

-1.90 

1,205 

.60 

3, 

,340 

3.10 

6,030 

5.60 

9,180 

-1.80 

1,275 

.70 

3, 

440 

3.20 

6,140 

5.70 

9,315 

-1.70 

1,345 

.80 

3, 

,540 

3.30 

6,260 

5.80 

9,450 

1.60 

1,420 

.90 

3, 

640 

3.40 

6,380 

5.90 

9,585 

-1.50 

1,500 

1.00 

3, 

,740 

3.50 

6,500 

«6.00 

9,720 

1.40 

1,580 

1 

1.10 

3, 

840 

3.60 

6,620 

1 

a  Above  6  feet  u»e  1902  table. 
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Egiitnated  mottihly  dbcharge  of  Totnbigltee  Hirer  at  (\tlumhtutt  SfiMi. 

[Dniiua^  area,  4,440  Rquare  niilvN.] 


Month. 


1900. 


Diflcharge  In  nccond-feet. 


KunH)fT. 


Maximum.     Minimum. 


January . . . 
February  . 

Xlareh 

April 

May 

June 

Julv. ...... 

Angmit 

September 
October  .. 
November 
December  , 


The  year  . . 

1901. 

January  

February 

March 

April 

May 

June 

Julv 

Augast 

September 

Oi'tober 

November 

December 


13 
16 
23 
40 
13 
37 
29 
10 
1 
10 
10 
11 

40 


33 
24 
29 
21 

11 
7 
1 

24 

7 

1 
17 


The  year 33 


864 
486 
938 
498 
460 
600 
596 
414 
775 
138 
000 
794 


2,962 

2,686 

6,688 

3,100 

1,464 

3,790 

2,410 

707 

632 

566 

1,097 

1,464 

498 


566 


736 

352 

182 

040 

656 

792 

097 

352 

240 

915 

000  I 

590  I 


736 


2,410 
3,790 
3, 514 
3, 376 
1,328  I 
707 
582  ' 
582  ' 
753  , 
650 
650 
810 

582  ' 


Mean. 


Sorond-ftH-t  ,)      j^  , 


5, 

588 

H, 

659 

15, 

285 

21, 

265 

•«, 

944 

27, 

692 

11. 

411 

•> 

"1 

257 

950 

3, 

989 

•», 

304 

ft, 

239 

», 

299 

H, 

193 

12, 

5:« 

10, 

884 

», 

890 

•», 

949 

767 

7:w 

7, 

ti73 

'08 

1 
1.26  , 

1.45 

1.95 

2.03 

3.42 

3.85 

4.  79 

5.:i4 

l.ll 

1.28 

6.24 

6.96 

2.57 

2.  97 

.51 

.59 

.21 

.23 

.90 

1.04 

.97 

1.08 

1.18 

1.36 

2.09 


748  ' 

756 

6,730 

6, 155 


3.20  ' 
2.83  ' 
2.45  I 
2.23  j 
1.11  \ 

.62 

.16' 
1.73  , 

.45 

.17 

.17 
1.52 

1.39 


28.  18 

3.69 
2.95 

2.49 

1.  28 
.69 
.18 

1.99 
.50 
.20 
.19 

1.75 

IS.  74 
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Estimated  inonthly  dinclutrge  of  Tombigbee  River  at  Columlnis,  3fuw. — Continued. 


Month. 


1902. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  .. 
November 
Deceml)er 


The  year 


1903. 


January . 
February 
March... 

April 

May 

June 

July 

August . . 


Septeml)er 
()ctol)er  .. 
Novem]>er 
December  , 


The  vear 


Discharge  in  second- feet. 

Run- 

Second-fect 

persouare 

mile. 

off. 

Maximum. 

Mimimum. 

Mean. 

Depth  in 
inches. 

19, 480 

2,190 

7,009 

1.58 

1.82 

30,  700 

4,  :550 

14, 148 

3.19 

3.  32 

50, 420 

6,  585 

15, 583 

3.51 

4.a5 

49, 910 

3, 320 

18, 180 

4.09 

4. 56 

3, 050 

1,100 

2,060 

.46 

.53 

1,100 

630 

825 

.19 

.21 

1,100 

500 

717 

.16 

.18 

2,960 

370 

1,095 

.25 

.29 

1,380 

435 

790 

.18 

.20 

2, 520 

565 

1,165 

.26 

.30 

6, 585 

565 

1,482 

.3:^ 

.37 

23, 560 

3,590 

11,730 
6,232 

2.64 
1.40 

3.04 

50, 420 

370 

•      18. 87 

19, 140 

4,710 

12,300 

2.77 

3.19 

39, 030 

12,105 

27,  asi 

6.22 

6.48 

32,  400 

6, 380 

20, 465 

4.61 

5.  32 

6,620 

2,580 

4,828 

1.09 

1.  22 

19,650 

1,580 

6,250 

1.41 

1.63 

6, 030 

1,135 

3, 439 

.77 

.86 

2,  760 

520 

1,084 

.24 

.28 

2,060 

425 

I,i:i9 

.26 

.SO 

380 

220 

281 

.m 

.07 

340 

260 

300 

.07 

.08 

1 ,  580 

470 

961 

.22 

.25 

1,420 

570 
220 

770 

.  17 
1.49 

.20 

;59, 030 

6, 621 

19.88 
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Xet  honepoirer  jjerfooi  of  fall  v*Uh  a  turtnne  efficiennj  of  80  jht  cent  far  the  mutimum 

monthly  discharge  of  Tomhighee  Rirer  at  (\)lumbus,  Miw, 


1900. 


Month. 


Minimum 


I  Sec.Jf. 

I 

January '  2,962 

Febniarv 2,686 

iUrch 6,688 

April 3,100 

May I  1,464 

Jnne 3,790 

Jnly 2,410 

August 707 

Septenilx?r 632 

October '  566 

November 1,097 

Det^mber 1,464 


Mini- 
mum 
net 
honK'- 
power 
per  foot 
of  fall. 


269 
244 
608 
282 
133 
345 
219 

65 

57 

51 

100  j 
133 


Dura- 
tion of 
mini- 
mum. 


1901. 


Mini- 
mum 
net 


191U. 


Mini- 


mum i,.,_«  mum  j  n„,„ 
t  Diira-                    ■         J       Dura- 
Minimum  »,"JL,.  tlonuf  Minimum  ^"1;.     t Ion  of 
discharKC,  ^.^-^  mini-    dia.-haiife.  ^'l^;^     mlni- 


1 

1 

.1 

1 

1 

1 

1 

1 

1 
♦> 

4 

4 


!p!Jrf«H>t   ™"'" 
of  fall 


2,410 

3,790 

3,514 

3,  376 

1,328 

707 

582 

582 

753 

650 

650 

810 


219 
345  1 
319 
307 
121 

65 

53 

53  i 

68  '' 

59 

59 

74 


1 

3 

1 

2 
9 

1 
1 
1 

2 
3 

4 
o 


2,190 

4,  :y>o 

6, 585 
3, 320 
1,100 
(«^ 
5(X) 
370 
4;i5  i 

mo  * 

565  ■ 
3,5(K) 


191 

3a5 

599 

302 

100 

57 

45 

34 

40 

51 

51 

326 


Ai»/n. 


3 

1 

1 

1 
•> 

5 
2 

3 

O 

3 
5 
2 


TOMBIGBEE  RIVER  NEAR  EPES. 

■  A  record  of  ga^c  heightw  has  been  kept  at  this  station  for  the  last 
ten  year.s  b}-  the  Alabama  Great  Southern  Railway  Company.  The 
ga^e  is  {minted  on  the  center  brick  pier  of  the  railway  bridge  of  that 
compan}'  across  the  Tombigbee,  a  half  mile  east  of  Ei>es,  and  is 
referred  to  two  bench  marks.  The  first,  the  top  of  the  iron  girder  at 
the  third  crossbeam  at  the  station,  80  feet  from  the  right-bank  end 
of  the  iron  bridge,  is  64.70  feet  above  datum  of  gage;  the  second,  the 
top  of  the  cross-tie  or  the  base  of  the  rail  at  the  station,  SO  feet  from 
the  right-l)ank  end  of  the  iron  bridge,  is  i\5.60  feet  above  datum  of 
gage.  The  west  bank  of  the  river  is  a  solid  wall  of  limestone;  the 
east  bank  is  flat  and  is  subject  to  overflow.  The  trestle  at  the  cast 
end  of  the  bridge  is  seven-eighths  of  a  mile  long.  The  section  is 
good,  though  the  water  is  very  deep  and  rather  swift. 

The  following  discharge  measurements  were  made  during  1901  by 
K.  T.  Thomas: 

January  31:  Gage  height,  12.70  feet;  discharge,  13,738  Pecond-feet. 
March  14:  Gage  height,  21.10  feet;  discharge,  23,824  second-feet. 
June  28:  (Jage  height,  1  foot;  discharge,  1,496  second-feet. 
November  13:  Gage  height,  0.70  foot;  discharge,  1,290  second-feet. 
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Daily  gage  heighly  infeetj  of  TomMgbee  River  near  Epen. 


Day. 

Jau. 

Feb. 

Mar. 

Apr. 

24.5 
19.5 
16.0 
12.0 
10.0 
8.0 
7.6 
7.5 
7.0 
6.5 
20.5 
26.0 
29.0 
30.0 
31.0 
38.0 
46.0 
48.5 
51.0 
61.6 
52.0 
52.0 
51.5 
51.0 
49.5 
47.5 
47.0 
46.5 
46.0 
44.5 

13.0 

13.5 

15. 5 

18.0 

17.0 

16.0 

15.0 

14.0 

11.0 

9.5 

8.0 

7.5 

9.0 

8.0 

7.0 

7.0 

6.5 

20.0 

28.0 

29.5 

30.0 

29.5 

28.5 

28.0 

27.0 

24.0 

18.0 

13.0 

11.0 

8.0 

May. 

June. 

6.0 

8.0 

15.0 

21.0 

24.6 

27.0 

29.6 

32.0 

34.5 

87.0 

38.6 

39.6 

40.6 

41.0 

41.5 

42.0 

42.0 

42.0 

41.6 

41.5 

41.5 

41.0 

41.0 

42.5 

42.5 

43.5 

43.5 

43.5 

44.0 

44. 5 


5.5 
6.0 
7.0 
9.0 
9.0 
11.0 
12.0 
10.0 
8.0 
6.5 
5.6 
4.6 
4.0 
3.5 
3.5 
3.5 
3.0 
3.0 
2.5 
2.0 
2.0 
2.0 
1.5 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

July. 

Aug. 

14.5 
12.0 
10.6 
8.0 
6.0 
6.0 
5.0 
4.0 
8.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.0 
1.0 
2.0 
1.5 
1.5 
1.6 
5.0 
4.5 
4.0 
3.0 
2.0 



"8.' 5' 
15.0 
20.0 
22.5 
23.0 
24.0 
24.5 
26.0 
26.5 
26.0 
25.0 
23.0 
19.0 
12.0 
6.5 
5.  5 

Sept. 

2.0 

2.5 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.5 

1.6 

1.5 

2.0 

1.5 

1.0 

1.0 

1.0 

1.0 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.6 

.5 

Oct. 

0.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

2  0 

4.0 

6.0 

7.5 

8.5 

10.0 

10.6 

10.0 

7.5 

5.0 

4.0 

3.5 

3.0 

2.0 

2.0 

3.0 

4.0 

4.5 

7.5 

9.0 

8.0 

7.5 

Nov. 

7.0 

8.0 
9.0 
8.5 
8.5 
7.6 
7.0 
6.5 
4.5 
4.0 
4.0 
3.0 
3.0 
2.5 
2.0 
2.0 
2.0 
2.0 
2.5 
2.5 
3.0 
3.5 
3.5 
3.5 
6.5 
8.5 
7.5 
7.5 
8.0 
8.5 

— 

0.7 
.7 
.7 
.0 
.0 
.0 
.0 
.0 

m 
.   1 

.7 

:? 

.7 

.7 

.7 

.7 

1.0 

1.7 

1.7 

1.5 

1.6 

1.7 

1.7 

1.8 

1.8 

2.0 

.  2.0 

2.0 

1.9 

1.8 

Dw. 

1900. 

1 

2 

8.5 

7.5 

6.5 

6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.5 

13.0 

20.0 

23.0 

23.5 

22.0 

21.0 

18.5 

15.0 

11.5 

10.0 

8.5 

8.0 

8.0 

7.0 

6.5 

6.0 

5.0 

3.0 

8.0 

3.0 

3.0 

10.0 

10.0 

9.0 

8.0 

7.0 

6.0 

5.5 

5.0 

4.5 

4.0 

18.0 

29.5 

33.0 

35.0 

36.0 

38.0 

39.0 

39. 5 

40.0 

40.5 

39.0 

38.0 

34.5 

29.0 

24. 5 

20.0 

16.0 

15.0 

14.0 

13.0 

12.7 

1 

3.0 

3.0 

3.0 

3.0 

5.0 

6.0 

7.0 

7.5 

11.5 

13.5 

15.0 

20.5 

26.0 

28.0 

28.0 

26.0 

24.0 

22.0 

18.6 

16.0 

14.0 

15.0 

17.5 

18.0 

17.5 

17.0 

16.0 

17.0 

12.0 

10.5 

16.8 

21.5 

25.5 

26.6 

27.5 

29.0 

30.5 

31.0 

31.0 

31.0 

30.0 

29.5 

28.5 

26.0 

23.0 

16.0 

12.0 

10.0 

8.0 

8.0 

7.5 

7.0 

6.5 

•   6.5 

6.5 

6.5 

18.0 
19.0 
18.0 
17.0 
15.0 
14.0 
13.0 
18.0 
21.0 
23.0 
24.0 
24.0 
23.0 
20.0 
17.5 
17.0 
18.0 
18.0 
18.5 
26.0 
30.0 
32.0 
34.0 
a5.5 
37.5 
38.0 
39.0 
38.5 

a5.o 

33.0 
30.0 

6.5 

6.5 

9.0 

9.0 

8.5 

7.0 

6.5 

6.5 

6.5 

13.0 

18.0 

19.5 

20.0 

24.5 

25.5 

26.5 

26.5 

26.0 

25.0 

2:^.0 

20.0 

17.0 

12. 5 

11.0 

12.0 

13.5 

13. 5 

11.5 

10.0 

9.0 

13.5 

43.0 

41.0 

39.0 

33.5 

28.0 

20.6 

16.0 

10.0 

7.0 

7.0 

7.0 

8.0 

8.0 

7.0 

6.0 

6.0 

5.0 

4.0 

3.5 

3.5 

3.5 

3.5 

3.5 

4.0 

4.5 

6.0 

6.0 

7.0 

7.0 

6.0 

5.0 

7.5 
7.0 
6.0 
5.0 
4.5 
6.0 
4.0 
3.5 
3.5 
3.0 
3.0 
3. 5 
4.0 
7.0 
8.0 
8.5 
8.0 
7.0 
6.5 
9.0 
12.0 
12.0 
11.5 
11.0 
10.0 
8.0 
6.5 
6.5 
6.5 
6.5 
7.0 

44.6 

44.5 

44.5 

44.0 

42.6 

42.0 

41.0 

40.0 

39.0 

38.0 

34.0 

26.0 

28.0 

15.5 

13.0 

8.0 

7.0 

6.0 

5.0 

6.5 

7.0 

8.0 

9.0 

8.0 

6.0 

5.5 

5.0 

5.5 

14.0 

14.5 

14.5 

1 

;    8.0 
7.5 

8 

!   7.0 

4 

5 

6.0 
5.0 

6 

4.3 

7 

1   4.0 

8 

'   4.0 

9 

4.0 

10 

3.5 

11 

3.0 

12 

13 

14 

15 

16 

17 

18 

19 

20 

8.0 
3.5 
3.5 
3.5 
3.0 
3.0 
3.0 
3.0 
6.0 

21 

22 

5.0 
5.0 

23 

8.5 

24 

10.0 

25 

11.5 

26 

11.5 

27 

12.5 

28 

12.0 

29 

10.0 

30..^ 

10.0 

31 

10.5 

1901. 
1  

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

I.O 

1.0 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.5 

.5 

-  .2 

-  .2 
--  .2 

5.5 
4.0 
3.5 
2.5 
2.0 
2.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.0 
1.0 
1.0 
1.5 
2.0 
2.5 
6.0 

■'"7.'5' 
7.5 
7.0 
5. 5 
4.0 
3.0 
2.0 
1.5 
1.5 
1.5 

1.5 

6.0 

2.5 

1.5 

1.5 

1.6 

1.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.  5 

1.7 

2 

1.7 

8 

1.7 

4 

3.5 

5 

2.0 

6 

2,0 

7 

8 

2.0 
3.5 

9 

5.9 

10 

6.5 

11 

6.5 

12 

4.7 

13 

14 

4.2 
13.0 

15 

19.  5 

16 

22.0 

17 

23.0 

18 

22.5 

19 

22.0 

20 

20.  0 

21 

IH.  0 

22 

14.0 

23 

12.  0 

24 

9.0 

25 

8.0 

26 

7.0 

•27 

7.0 

28 

12.  (» 

29 

30 

31 

20. 0 
26.0 
27.0 
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Raiing  table  for  Tombigher  Hhrr  near  Kjtemjor  liHH)  nwl  UfOJ. 


heigrht. 

IHHchance. 

(Tiiiee 
heij^t. 

DiNi'hariri'- 

heigiu. 

DitH'hHrKt'. 

height. 

1 

,   Dlwhargo. 

F«€t. 

Senwi/eet,  ' 

1      /M. 

Senmtl/rrt.  ' 

Frtt. 

Smnui'JfH. 

hUt. 

S*nfwt'/e*i. 

-0.  2 

810 

3.8 

3,608 

7.8 

7,806 

11.8 

12,660 

-   .1 

840 

3..  9 

3,788    1 

7.9 

7,980 

11.9 

12,780 

.0 

880 

4.0 

3, 878 

8.0 

8,100 

12.0 

12,900 

.1 

830 

4.1 

3,969 

8.1 

8,220 

12.1 

13,020 

.2 

985 

4.2 

4,060 

8.2 

8,340 

12.2 

1     13, 140 

.3 

1,013 

4,3 

4,152 

8.3 

8,460 

12.3 

'     13,260 

.4 

,103 

4.4 

4,245 

8.4 

8,580 

12.4 

[    i3,:tto 

.5 

,164 

4.5 

4,338 

8.5 

8,700 

12.5 

13,500 

.6 

,226 

4.6 

4,432 

8.6 

8,820 

12.6 

13,620 

.7 

,289 

1             ^'^ 

4,527 

8.7 

8,940 

12.7 

13,740 

.8 

,363 

1       4.8 

4,622     ' 

8.8 

9,060 

12.8 

13,860 

.9 

,418     1 

4.9 

4,718 

8.9 

9,180     ' 

12.9 

13,980 

1.0 

,484 

5.0 

4,815 

9.0 

9,300 

13.0 

14, 100 

1.1 

,551 

5.1 

4,912 

9.1 

9,420 

13.1 

14,220 

1.2 

1, 

,619 

5.2 

5,010 

9.2 

9,540 

13.2 

,     14,340 

1.3 

,688 

5.3 

5,109 

9.3 

9,660 

13.2 

14,460 

1.4 

1 

,758 

5.4 

5,208 

9.4 

9,780 

13.4 

14,580 

1.5 

.829    1 

,      5.5 

5,308 

9.5 

9,900 

13.  5 

1     14, 700 

1.6 

,903 

5.6 

1 

5,409     ' 

9.6 

10,020 

13.6 

14,820 

1.7 

•I  j 

,976 

5.7 

1 

5,511 

9.7 

10,140 

13.  7 

14,940 

1.8 

2 

,050 

'       5.8 

5, 613 

9.8 

10,260 

13.8 

15,060 

1.9 

2, 

,125 

5.9 

5,716    1 

9.9 

10,380 

13.9 

15,  180 

1 

2.0 

2, 

,200 

6.0 

5,820 

10.0 

10,500 

14.0 

15,  300 

2.1 

2, 

,276 

6.1 

5,925 

10.1 

10,620 

14.1 

1     15, 420 

2.2 

2, 

,353 

6.2 

6,030 

10.2 

10,740 

14.2 

15, 540 

2.3 

2, 

,431 

6.3 

6,136     1 

10.3 

10,860 

14.3 

15,  6(50 

2.4 

2, 

,510 

6.4 

6, 243 

10.4 

10,980 

14.4 

'     15, 780 

2.5 

2, 

,590 

6.5 

6,350    , 

10.  5 

11,100 

14.5 

'     15,900 

2.6 

2, 

,671 

'      6.6 

6,458 

10.6 

11,220 

14.6 

,     16,020 

2.7 

2, 

,763 

6.7 

6,566 

10.7 

11,340 

14.7 

'     16, 140 

2.8 

2 

,835 

6.8 

6,675 

10.8 

11,460 

14.8 

,     16,260     ' 

2.9 

2 

,918 

'       6.9 

6,785    ' 

10.9 

11,580     ' 

14.9 

16, 380     j 

3.0 

3 

,002 

7.0 

6,900    1 

11.0 

11,700     1 

15.0 

1     16,500 

3.1 

3 

,087 

7.1 

7,020    1 

11.1 

11,820 

15.1 

16,620 

3.2 

3 

,172 

7.2 

1 

7,140 

11.2 

11,940 

15.2 

16,740 

3.3 

3 

,258 

'      7.3 

7,260    ' 

11.3 

12,060     ' 

15.  3 

16,860     , 

3.4 

3 

,345 

7.4 

7,380 

11.4 

12,180 

15.4 

1     16, 980 

3.6 

3, 

,432 

:  7.5 

7,500 

11.5 

12,300 

15.5 

17,100 

3.6 

3, 

,520 

!      7.6 

7,620    ! 

11.6 

12,420 

15.6 

'     17,220 

3.7 

1 

3, 

,609 

7.7 

1 

7,740 

1 

11.7 

12,540 

1 

15.7 

.     17,340 

IRR  107—04 
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Itaiimj  table  for  Tomhighee  River  near  Epes  for  1900  and  190 i — Continued. 


Gage 
hei??ht. 

Discharge. 

Gage, 
height. 

Discharge. 

i 

Gage 
height. 

Discharge. 

1      Gage 
height. 

Discharge 

Int. 

Secf}nd-/ecL 

F(ft. 

Scrond-J'crt. 

1      Fctt. 

i 
Srcond-feet. 

1 

Fffd. 

Second-ffii 

15.8 

17,460 

1     17.4 

19,  380 

19.0 

21,300     1 

26.  () 

23,  220 

15.9 

17,580 

17.5 

19,500 

19.1 

21,  420 

20.7 

23,  340 

16.0 

17,700 

17.6 

19, 620 

1     19.2 

21,540 

20.8 

23, 460 

16.1 

17,820 

17.7 

19,740 

19.3 

21.660     i 

20. 9 

23, 580 

,     16. 2 

17,940 

17.8 

19,860 

19.  4 

21,780     1 

,     21.0 

23,  700 

16.8 

18,060 

17.9 

19, 980 

19.5 

21,900 

'     21.1 

23,  820 

1     16. 4 

IS,  180 

18.  0 

20, 100 

19.6 

22,020     , 

21.2 

2.3, 940 

.     16. 5 

18,300 

18.1 

20, 220 

19.7 

22,140     1 

21.3 

24, 0(K) 

16.6 

18,420 

18.2 

20,  340 

19.8 

22, 260     1 

21.4 

24,180 

16.7 

18,540 

18.3 

20, 460 

19.9 

22,  380 

'            1 

21.5 

24,  300 

16.  S 

18,  660 

18.4 

20, 580 

20.0 

22,500     1 

21.6 

24,420 

16.9 

18,  780 

1     18.5 

20,  700 

20.1 

22, 620 

21.7 

24, 540 

17.0 

18, 900 

18.6 

20,  820 

20.  2 

22, 740     , 

21.8 

24,660 

17.1 

19,020 

18.7 

20,  940 

20.  3 

22,860 

21.9 

24,  780 

!     17.2 

19,  140 

18.8 

21,060 

20.4 

22, 980 

'     22.0 

24,900 

17.  3 

19,260 

,     18.9 

21,180 

20.5 

23,100 

1 

1 

KHtimntrd  monthbj  discharge  of  Tomhighee  Hirer  near  Epen. 
[Drainage  area.  S,830  square  miles.] 


Discharge  in  second-feet. 


Rnn-off. 


Month. 


Maximum. 


Minimum.  Mean 


HK)1. 


January  

February  . . . 

March 

April 

May 

June 

July 

August  16-31 
September.. 

October 

Noyeniber . . 
December  . . 


47,100 
35, 700 
:W,  300 
34,  500 
12,900  I 
12,900 
1 ,  484 


Second-feet 
I  iK?r  square 
I       mile. 


Depth 

in 
inches. 


3,  878 
6,  350 
6,  350 
6,  350 
3, 002 
1,484 
810 


7, 500 

5,  820 

2,  200 

30,900 


1,484 

1,164 

880 

1 ,  960 


25,579  ! 
20,lMn)  ■ 
16,198 
18,102  , 
(t,  880 
4,  585 
1,2^)5  ' 
21,541 
3,  205 
1 ,  63:} 
1 ,  550 
12,249 


2.  IK) 

1.  83 

2.  05 
.78 
.52 
.  15 

2.44 
.  :U) 
.18 
.18 

1 .  39 


3.  34 

2.48 

2.11 

2.2V) 

.IK) 

.58 

.17 

1.41 

.40 

.21 

.20 

1  m 
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Xfi  hone^xncer  ptr  foot  of  fall  with  a  ttirhitie  efficiency  of  80  per  ceiU  for  the  minimum 

mofUkly  discharge  of  Tbmbigftee  Rirer  nrar  Kjteif, 


Month. 


Jan oar V  . . 
February  . 
Marx-h.... 

April 

May 

Jane 

July 

Aag:u6t 

September 
October. . . 
November 
December. 


Miiiimum 
(liMrhargc. 


Sfftrntt-ffti. 
3,002 
3,002 
14,100 
6,350 
3,432 
5, 820 
4,815 
1,484 
1,164 
1,164 
2,200 
3,002 


1900. 


Mini- 


"i!f^"^^   Duration  I 


home 

power 

per  foot 

of  fall. 


273 
273 
1,282 
577 
312 
529 
438 
135 
106 
106 
200 
273 


of  mini' 
mum. 


4 

4 

1 

1 

5 

1 
«> 

mm 

2 

11 


Minimum 
I   dlncharKf. 


Strontl-ftti. 
3,  878 

li,  :i5<i 

(),  350 
6,  :i50 
3, 003 
1,484 
810 


9 

4 


1901. 


Mini- 
mum not 
horse- 
power 
per  f(Mit 
of  fall. 


:{53 
577 
577 
577 
273 
135 
74 


1,484 

1,164 

880 

1,<)60 


i:i5 

106 

80 
178 


I)umti4»n 
of  mini- 
mum. 


/>ni/«. 


1 

4 

5 

1 
•) 

md 

6 
3 


3 
8 
5 
3 


TRIBUTARIES  OF  TOMBIGBEE  RIVER. 

There  are  several  large  creeks  in  Marion  and  Lamar  counti(»s  that 
flow  into  Missisi<ippi  and  enter  Tonibigbee  River  near  Columbus.  One 
of  these,  Buttahat<^hee  River,  in  Marion  Count}',  has  numerous  i-apids, 
especially  near  the  crossing  of  the  military  road. 

I^uxapallila  Creek,  in  Lamar  County,  has  two  prongs  that  are  both 
good  [)ower  streams.  They  come  together  before  the  creek  enters 
Miiisissippi,  making  Big  Luxapallila  Creek,  which  enters  the  Tonibig- 
bee at  Columbus,  Miss. 
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The  following  discharge  measurements  were  made  on  Big  Luxapal- 
lila  Creek,  at  Water  Works,  near  Columbus,  Miss.,  b}'  M.  R.  Hall  and 
assistants: 

Dimharge  meuituremenlH  of  Big  LtLcapaUiUt  Creek  near  VolumhuM^  Miw, 


Date. 


1901.  J-'^et- 

February  18 4.95 

March  11  ..• I  8.20 

April  16 4. 45 

June  26 1.90 

Octol>er3l '  2.00 


heiX.   I  I>»'«harge. 


Date, 


h?lX.  I  >""'»'«nt.-. 


i^eamd-Jeet. 

957 

2,459 

873 

109 


Feet. 


1902. 
ApriU I     12.40 

July  11 '       1.60 

I 

iSeptember  23 

1903. 


1.70 


126      July  16 


tSecond-firt. 
3,864 
141 
322 

272 


TP]NNES8EK  RIVER  ANI>  TRIBITTARIE8. 
TENNESSEE  RIVER  AT  CHATTANOOGA,  TENN. 

This  river,  after  passing  Chattanooga,  enters  Alabama.  It  then 
makes  a  bend  to  the  west  and  later  to  the  north,  returning  to  Teimes- 
see.  Flowing  through  this  State  and  Kentucky,  it  empties  into  the 
Ohio  50  miles  above  Cairo.  In  1879  a  gage  was  established  at  Chat- 
tanooga, Tenn.,  at  the  foot  of  Lookout  street,  just  below  Chattanooga 
Island,  by  the  Signal  Corps  of  the  United  States  Army.  This  gage 
has  been  in  charge  of  the  Weather  Bureau  since  July  1,  1891.  The 
dminage  area  above  this  station  is  21,382  square  miles,  and  is  mapped 
on  the  following  atlas  sheets  of  the  United  States  Geological  Survey: 
Morristown,  Greenville,  Roan  Mountain,  London,  Knoxville,  Mount 
Gu^'ot,  Asheville,  Murphy,  Briceville,  Standingstone,  W^artburg, 
Pikeville,  Maynardville,  Cumberland  Gap,  Jonesville,  Estillville,  Bris- 
tol, Whitesburg,  Grundy,  Abington,  Tazewell,  Pocahontas, Wy the vi lie. 
Cranberry,  Morganton,  Mount  Mitchell,  Saluda,  Pisgah,  Como,  Nan- 
tahala,  Walhalla,  Dahloncga,  Ellijay,  Dalton,  Cleveland,  Ringgold, 
Kingston,  and  Chattanooga.  The  gage  is  on  an  inclined  ^*ailroad  iron 
for  about  20  feet  of  its  lower  portion.  A))ove  this  it  is  a  vertical  rod 
lK)lted  to  the  rock  bluff  forming  the  river  bank.  The  zero  of  the  gage 
is  630.4  feet  above  sea  level.  Measurements  are  made  from  the  Ham- 
ilton Count}^  steel  highway  bridge  at  the  foot  of  Walnut  street,  a  short 
distance  below  the  gage.  Gage  heights  are  obtained  from  L.  M. 
Pindell,  United  States  Weather  Bureau  observer.  In  1900  a  new  gage 
on  the  same  datum  was  established.  It  is  a  vertical  rod  bolted  to  the 
south  side  of  the  third  stone  pier  from  the  south  end  of  the  bridge. 
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IHtcharge  tfiettsuremetUs  of  Teiuiessee.  River  ai  OuUianiiwjn^  Ten^t. 


Dttte. 


Gaire 
height. 


18»:5.  Fret, 

Marehlo 10.3 

March  li> 9.2 

April  3 5.1 

April  4 5. 1 

Mav    5 26.0 

Mav    8 26.0 

Mav    9 16.0 

Mav  17 9.9 

May  18.... 10.4 

1897. 

May  8 |  7.07 

May  28 4.52 

June  29 i  5.  76 

July  13 '  4.59 

September  7 !  1.67 

October  6 .48 

November  16 '  .8:^ 

December  23 10. 30 

1898. 

May  10 ,  4.14 

July  29 5.30 

August  19 6.37 

October6 17.60 

October  28 6.00 

November  29 4.75 


Diwhaive. 

I  Seeandr/eet. 

63,0:^9 
I      58, 310 

32, 628 

32, 643 

156, 187 

,     151,660 

j       96, 979 

65,867 
I      67, 883 


Date. 


height. 


DinchaTge. 


^      ■! 


44,187 
25,892 
32,943 
26,884 
10, 313 
5,969 
5,552 
67,000 


22,066  ! 

29,693  \i 
36,671 
120,359 

35, 95:^  ' 

29,569  , 


1898.  Frrt.  Strand /rtt. 

Novenilier  2*> 4.  70  ,        31 .  .MO 

1899. 

May  3 6. 7i  37,770 

May  26 4.76'  25,52f; 

June21 4.15  21,391 

September  15 1.1»0  10,819 

(>i!tol)er  27 80  6, 5(W 

1900. 

March  13 11.25  66,012 

July  27 3.45  18,470 

1901. 

January  24 h.m  :i0,3l7 

April  4 \  24.20'  155,457 

July  31 2.80  I         15,393 

Augufltl8 '  31.70  198,718 

1902. 

June25 '  3.80  17,773 

Oi-tober9 2.00  10,678 

November  14 1.55  9,282 

1903. 

March  26 '  28.85  UK),  279 

July  21 3.85  20,936 

September  5 l.fJO  '  10,472 

Octol)er  21 1. 10  8, 063 
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Daily  gage  heiglU,  infeety  of  Tennessee  River  at  ChaUanooga,  Term. 


Day. 


1890. 


•2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Iti 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

IS 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 


1891, 


Jan. 

Ffcb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

4.9 

8.0 

40.2 

10.0 

7.6 

6.1 

3.2 

5.8 

7.6 

9.4 

6.8 

2.4 

5.2 

7.3 

42.5 

9.8 

7.1 

6.6 

2.9 

5.2 

5.6 

8.1 

6  6 

2.4 

5.1 

7.3 

41.0 

9.4 

6.7 

5.3 

2.9 

4.7 

5.7 

7.7 

5.7 

2.3 

5.0 

7.4 

34.4 

9.7 

6.8 

'  6.3 

3.0 

4.7 

4.0 

7.2 

5.3 

2.3 

5.0 

7.2 

23.0 

12.2 

7.0 

5.2 

3.0 

4.8 

3.6 

6.4 

5.0 

2.3 

4.8 

7.8 

15.1 

14.0 

7.5 

5.3 

3.0 

4.5 

3.2 

5.7 

4.6 

2.5 

4.7 

8.3 

14. 2 

13.6 

8.9 

5.2 

3.0 

5.2 

3.6 

5.2 

4.4 

2.8 

4.6 

11.5 

14.4 

13.4 

9.1 

4.9 

2.9 

5.7 

3.2 

5.2 

4.3 

2.9 

4.7 

19.3 

12.8 

11.9 

8.7 

4.7 

2.8 

6.6 

2.8 

5.5 

4.0 

7.1 

4.9 

20.4 

11.2 

10.5 

8.7 

4.5 

2.7 

7.5 

2.8 

5.3 

3.9 

M 

4.7 

17.8 

10.0 

9.6 

8.1 

,    4.5 

2.7 

7.2 

3.0 

4.8 

3.8 

8.2 

4.6 

14.7 

9.2 

8.7 

7.7 

4.4 

3.0 

6.3' 

3.4 

4.6 

3.6 

7.7 

4.6 

12.0 

8.6 

H.O 

7.2 

4.0 

2.7 

5.8 

3.6 

4.4 

3.5 

7.4 

4.9 

10.0 

8.7 

7.5 

6.7 

3.9 

2.5 

5.2 

4.6 

4.2 

3.4 

6.4 

4.6 

9.8 

9.7 

7.1 

6.6 

4.0 

2.3 

4.8 

4.0 

3.9 

3.7 

5.4 

9.6 

13.7 

6.9 

7.8 

4.1 

2.1 

4.2 

4.0 

3.7 

3.2 

4.2 

7.2 

9.0 

15. 1 

7.1 

9.3 

4.0 

2.0 

3.8 

3.7 

3.7 

3.2 

3.9 

9.2 

9.3 

14.9 

9.4 

8.6 

3.9 

2.2 

3.7 

4.0 

3.7 

3.0 

3.9 

8.2 

8.5 

13.0 

16. 6 

7.9 

3.7 

4.7 

3.3 

5.3 

4.2 

3.2 

4.0 

7.5 

7.8 

11.7 

20.4 

8.8 

3.6 

4.7 

3.1 

3.7 

4.0 

3.1 

4.0 

7.0 

7.3 

12.4 

18.2 

10.7 

3.7 

4.1 

2.6 

3.7 

4.0 

3.1 

3.9 

9.6 

7.1 

14.0 

14.3 

11.9 

3.8 

3. 5 

2.5 

5. 8 

3.8 

3.1 

3-9 

13.0 

7.2 

20.0 

11.3 

11.9 

3.7 

3.2 

3.8 

3.5 

5.3 

2.9 

3.9 

12.3 

7.4 

25.5 

9.6 

11.6 

3.8 

3.2 

4.0 

3.3 

7.2 

2.8 

3.9 

11.7 

12.1 

27.2 

8.7 

9.2 

4.0 

4.1 

3.3 

3.4 

8.8 

2.8 

4.3 

10.0 

18.7 

26.0 

8.4 

7.8 

4.0 

5.9 

3.8 

4.0 

9.2 

2.7 

4.6 

8.3 

2().4 

21.4 

8.4 

7.4 

3.9 

7.5 

3.6 

4.3 

9.5 

2.6 

9.4 

7.3 

34.8 

15.4 

8.5 

H.O 

3.9 

7.7 

3.0 

4.0 

8.6 

2. 6 

1-2. 5 

6.6 

13.0 

8.4 

8.1 

3.5 

7.0 

8.8 

3.8 

7.6 

2. 5 

12.9 

7.7 

11.9 

8.1 

7.4 

3.1 

6.3 

5.4 

5.3 

7.1 

2.4 

12.4 

8.3 

10.7 
18.6 

15.4 

6.8 

5.8 

6.2 

6.5 

8.3 



5.4 

7.0 

1.8 

1.3 

9.3 

7.7 

9.8 

5.9 

3.9 

S.7 

7.8 

13. 2 

17.6 

16.3 

5.7 

5.6 

3.8 

10.3 

4.7 

1.9 

1.3 

3.2 

9.9 

16.1 

15.6 

16.3 

5.6 

5.3 

3.6 

15. 1 

4.3 

1.9 

1.3 

2.9 

14.1 

19.8 

13.3 

15.7 

5.5 

4.8 

8.6 

16.4 

4.2 

1.8 

1.2 

2.8 

15.5 

22.6 

16.4 

15.1 

5.2 

4.4 

3.6 

12.0 

5.1 

1.8 

1.2 

5.6 

15.2 

21.6 

20.0 

12.6 

5.1 

4.1 

3.6 

8.7 

5.1 

1.7 

1.2 

6.1 

10.4 

18.3 

23.6 

11.6 

4.9 

3.9 

3.4 

6.9 

5.2 

1.7 

1.2 

6.6 

8.2 

16.9 

•29.1 

10.8 

4.7 

4.1 

8.4 

5.8 

5.2 

1.6 

1.2 

8.6 

7.1 

14.5 

34.5 

9.8 

4.6 

4.6 

3.3 

5.1 

5.8 

1.7 

1.2 

10.8 

6.3 

21.0 

37.5 

9.6 

4.5 

4.7 

4.5 

4.6 

4.9 

1.7 

1.2 

10.9 

6.5 

27. 8 

38.9 

9.8 

4.4 

5.5 

5.1 

4.4 

4.4 

1.8 

1.5 

10.2 

8.9 

34.3 

37.6 

9.9 

4.3 

7.0 

4.4 

4.0 

3.9 

1.8 

1.7 

8.5 

10.7 

;S6.5 

33.5 

10.6 

4.2 

6.5 

3.9 

4.0 

3.6 

1.7 

2.7 

6.8 

10. 0 

37.5 

27.0 

11.3 

4.1 

6.7 

3.6 

3.9 

3.5 

1.7 

3.6 

5.7 

9.2 

35.5 

22.2 

12.2 

4.2 

5.5 

8.1 

3.S 

3.5 

1.7 

4.1 

5.1 

7.3 

29.0 

19.8 

10.8 

4.2 

5.7 

2.9 

3.6 

3.5 

1.6 

3. 5 

5.0 

7.H 

21.1 

18.1 

9.4 

4.5 

5.8 

2.8 

3.5 

3.5 

1.6 

2.S 

5.2 

7.6 

19.7 

15.3 

8.4 

4.7 

6.1 

2.7 

3.4 

3.2 

1.5 

2. 5 

5.3 

7.5 

18.2 

13.5 

8.2 

4.7 

6.8 

4.1 

3.0 

2.9 

1.5 

2.4 

1.8 

7.6 

16.6 

12.3 

7.9 

4.6 

7.3 

5.0 

3.0 

2.7 

1.5 

2. 5 

'       4.5 

7.3 

15.5 

11.3 

7.9 

4.5 

6.8 

4.5 

3.4 

2.6 

1.5 

2. 3 

4.2 

H.2 

18.8 

10.8 

7.6 

4.3 

6.8 

4.0 

4.0 

2.5 

1.5 

2.4 

4.0 

12.5 

24. 0 

10.7 

7.4 

4.1 

6.5 

3.8 

4.6 

2.4 

1.5 

3.0 

3.8 

15.3 

27.7 

10.8 

7.4 

4.0 

7.1 

3.6 

5.5 

2.3 

1.5 

4.6 

3.7 

14.0 

29.0 

10. 6 

7.6 

3.8 

7.4 

3.5 

5.6 

2.2 

1.5 

6.2 

4.1 

13. 6 

26.7 

10.4 

7.5 

3.9 

7.6 

3.5 

7.7 

2.2 

1.5 

6.7 

4.9 

11.2 

20.6 

10.5 

7.4 

4.0 

6.2 

3.5 

8.2 

2.1 

1.5 

6.3 

8.1 

9.7 

19.0 

11.1 

7.2 

4.1 

4.9 

3.6 

8.1 

2.0 

1.5 

5.6 

10.2 

7.9 

13.6 

6.5 

4.1 

4.3 

3.7 

7.0 

1.9 

1.4 

4.7 

9.  6 

7.9 

13.0 

6.2 

4.7 

4.1 

3.8 

6.4 

1.9 

1.4 

4.0 

h.  4 

8.9 

13.1 

5.3 

5.7 

6.1 

1.4 

7.rl 
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Dfjilij  gage  height,  hifeei,  of  Tennessee  River  at  (IkatUimtoga ^  Tmit. — CV>ntiiiUf<l. 


4. 

5. 
6. 
7 . 
^- 
9. 
10. 

n. 

1*2. 
13. 
H. 

r>. 
16. 

17. 
W. 

n. 
■-'I . 

iJ.' 
21. 

•J5. 

J6. 

27. 

JS.. 

29  ., 

:«. 


4. 

5 . 

6  . 

7  - . 
8.. 
9. 

10. 
11  . 
12. 
13. 
14  . 
15. 
16- 
17. 
IS. 
13  . 
It). 
11  . 
'£1  . 
23. 
24. 
25. 
26. 
27. 
2>*. 
29. 
^  . 
31  . 


nay 


1^1. 


Jan.       Fob.   ,  Mnr. 


Apr.   I  May.  .June.    July.  ,  Aiix.     S«*|>1.      (><  t.      Nov.  j  Ivc. 


KS93. 


6.6 

6.5 

5.7 

9.1 

8.7 

5.6 

6.6 

1    •«■•-' 

2.1 

1.1 

4.1 

6.6 

i     6.2 

5.6 

8.3 

8.2 

5.4 

5.6 

.    4.1 

1.8 

2.0 

1.2 

4.0 

8.1 

6.0 

5.5 

7.4 

7.6 

5.5 

5.6 

1     4.2 

1.7 

1,9 

1.2 

3..S 

X.H 

5.8 

5.3 

6.8 

7.3 

5.8 

5.4 

4.0 

1.5 

l.s 

i.<; 

3,7 

8,7 

5.5 

5.1 

6.5 

7.4 

8.8 

6.6 

4.1 

1.3 

1.7 

'    2.0 

3.  6 

8.4 

5.4 

5.0 

8.5 

7.0 

9. 2 

8.9 

4.9 

2.2 

1.6 

2.3 

3. 6 

9.0 

:>.  3 

4.9 

21.7 

6. 6 

9.3 

11.2 

4.2 

2.1 

1  (i 

2.1 

3.3 

10.5 

5.8 

5.0 

31.6 

6.3 

8.7 

11.8 

3.S 

2.0 

1.5 

2.4 

3,2 

M.l 

6.0 

31.2 

6.2 

8.6 

10.1 

3.5 

2.0 

1.5 

2.  9 

3,2 

9.3 

11.5 

7.1 

34.3 

5.9 

8.3 

8.6 

3.3 

1.9 

1.5 

4.4 

3.0 

N.l 

11.3 

S.O 

31.0 

5.  5 

7.8 

9.0 

3.3 

2.0 

1,5 

5. 9 

2,9 

X.3 

10.5 

7.9 

•2<i.  6 

5.7 

8.0 

9.5 

3.1 

l.« 

1.5 

6.6 

2.7 

11.2 

s.g 

7.6 

18.0 

5.7 

8.1 

9,4 

3, 5 

2.1 

1.4 

1     "'-^ 

2.6 

22.9 

7.6 

12.9 

5.5 

7.H 

8.9 

3.6 

2.1 

1.  1 

'     4.  t 

2. 6 

32.9 

7.2 

6.8 

11.7 

5.3 

6.0 

S.7 

3.7 

2.1 

1.4 

1.2 

3.3 

37.1 

7.4 

6.2 

10.9 

5.2 

5.  3 

8.5 

3.5 

3.1 

1.1 

I.H 

3.4 

37.9 

8.0 

5.9 

10.0 

5.1 

4.8 

8.4 

,     3.1 

4.5 

1.  1 

5.  «i 

5.3 

35.2 

7.9 

6.5 

9.4 

4.8 

4.4 

K.  1 

2.  •' 

4.1 

1.3 

6.  2 

s.  1 

26.3 

7.5 

7.5 

8.8 

5.1 

4.4 

7.5 

2.8 

3. 5 

1.3 

6.  1 

N.7 

1H.7 

7.7 

8.2 

12.3 

5. 5 

1.3 

7.2 

!     2.8 

3.0 

1,2 

6.2 

.H.  4 

19.0 

7.9 

8.2 

16.2 

6.1 

7.0 

6.9 

3.0 

2.  S 

1.2 

.>. .) 

9.1 

19,0 

M.9 

7.8 

16.3 

6.5 

7.8 

6.2 

2.9 

3.0 

1,2 

l.S 

9.  3 

17.4 

8.9 

7.6 

15.5 

6.9 

7.4 

5.  6 

2.9 

2.6 

1.2 

4.4 

^.9 

14.9 

8.4 

8.4 

14.8 

7.1 

7.1 

5.4 

3.0 

2.3 

1.2 

1.2 

7.8 

12.2 

7.9 

9.6 

13.5 

6.9 

5.2 

2.7 

2.3 

1.2 

3,9 

6.7 

10.  .T 

7.5 

9. 5 

13.7 

7.8 

6  8 

5.0 

2.8 

3. 6 

1.1 

3.4 

5.8 

9.7 

6.7 

10.0 

13.6 

6.7 

6.7 

4.6 

3.2 

3.6 

1.1 

3.1 

5. 2 

8.5 

6.4 

10.6 

10.4 

6.2 

7.3 

4.5 

3.6 

3.1 

1,1 

3.0 

1.8 

7. 7 

5.9 

10.3 

9.1 

5.8 

7,5 

4.3 

1.4 

2.  C. 

1.1 

3.0 

4.3 

6.9 

9.7 

8.8 

5.7 

7.2 

4.1 

:^8 

2,  1 

1,1 

3.6 

3.9 

6.8 

10.4 

9.4 

....... 

0.5 

5.6 
10.2 

7.4 

3.8 
3.9 

3.3 
2.6 

8,4     , 

1.1 
2. 6 

3.1 

3.3 

3.4 

2.5 

3.8. 

12.1 

U.l 

5.3 

9.6 

8.0 

3,8 

2. 5 

6. 8 

2..-. 

3.0 

3.9 

4.7 

10.6 

H.i) 

5.1 

11.0 

10.0 

1.2 

'    3.1 

5.0 

2.  1 

2.8 

3.7 

5.7 

8.6 

8.9 

5.1 

18.4 

8.1 

5. 2 

3. 5 

6.2 

2.4 

2.7 

1.1 

5.6 

8.0 

8.7 

5.1 

24.5 

6.  6 

4..H 

3.3 

6.0 

2.6 

2.6 

4.3 

5.3 

7.7 

9.0 

5.'2 

28.2 

8.3 

3,  y 

3.2 

4.9 

2. 5 

2.  5 

4.7 

5.2 

7.0    ' 

9.1 

5.4 

30.0 

16.0 

3.K 

1.9 

4.3 

2.9 

2.4 

4.7 

4.7 

6. 5 

8.8 

5.4 

28.2 

20.7 

3.5 

5.0 

3. 5 

3.1 

2,1 

4.5 

4.0 

6.1 

8.8 

5.1 

18.0 

19.1 

3.4 

'     4.1 

3.2 

2.9 

2,3 

4.1 

3.8 

6.2 

9.4 

5.1 

12.8 

15. 2 

3.6 

3.8 

2.8 

2.9 

2.4 

4.0 

3.4 

8.5 

11.1 

5.1 

11.7 

11.8 

3.4 

3.3 

2.H 

2.  r. 

2. 5 

3.7 

2.9 

14.7 

11.7 

5.0 

10.4 

8.9 

3.4 

3.0 

3,7     ' 

2.  5 

4.8 

3.2 

2.9 

21.8 

11.5 

4.8 

9.4 

7.3 

3.3 

2.7 

5.  S 

2.  1 

3,8 

3.1 

(") 

23.6 

12.0 

10.2 

8.8 

6.8 

3,2 

,    2.5 

10.9 

2.  5 

3.6 

3.0 

(«) 

22.6 

10.6 

12.1 

8.1 

6. 5 

3.0 

'     2.H 

12.7 

2.0 

'     3.5 

2. 9 

(") 

21.3 

9.5 

10.4 

7.8 

6.2 

2.8 

2. 9 

9. 6 

1.7 

3.0 

3.0 

!") 

23.6 

8.4 

8.6 

9.4 

5. 6 

2.7 

:<.8 

S.O     , 

9. 6 

2..S 

3.2 

(») 

29.4 

7.6 

7.4 

10.4 

5.4 

2.8 

5.  2 

7.0 

r,.  1 

2.7 

3.5 

("> 

;f2.4 

7.0 

6. 5 

8.9 

.5.3 

3.0 

4.9 

6.1 

•>.  / 

2.  .'• 

3.8 

(") 

33.4 

6.7 

6.4 

7.7 

5. 2 

3.2 

,     4.0 

5.1     , 

5.  2 

,     2.6 

3.  9 

(«) 

:J2.0 

6.3 

7.2 

7.4 

5.4 

3. 5 

2.9 

4,2 

1.1 

2.  i\ 

3.9 

(") 

28.5 

6.0 

7.2 

6.7 

,5.6 

3.6 

2.  6 

3.  r. 

3.  1 

2. 6 

3.  5 

2.9 

18.2 

5.8 

7.1 

6.1 

5.7 

4.6 

\    2.1 

3.4     ' 

3.1 

'     2. 5 

3.3 

3.1 

12.3 

5.7 

6.8 

5,7 

.5.4 

5.2 

'     2.3 

3.2     , 

2..H 

2.  5 

3.1 

3.1 

10.4 

6.4 

6.7 

5.4 

.5.9 

5.5 

2,2 

3.0 

3.1 

2.4 

2.  9 

3.4 

9.3 

6.8 

6.0 

5.2 

5.  li 

3.7 

1.9 

2.9 

3.3 

2.5 

2.S 

3.7 

8.4 

6.8 

5.7 

5.0 

5.2 

3.4 

'      1.8 

2.7 

4.9 

'     2. 6 

2.7 

3.8 

8.2 

6.3 

7.0 

4.6 

5.1 

2.9 

1.6 

2.6     , 

t.6 

1     2.8 

2.  r» 

4.4 



5.9 

9.5 

5.4 

4.7 

3.7 

1,6 

2.4 

4.0 

1     2.7 

2.  5 

5.3 

....... 

5.8 

10.4 

6. 5 

1.1 

2. 6 

1,7 

2.5    ' 

3. 5 

2.  5 

2.7 

7.1 



5.7 

7.4 

2.6 

1.6 

^ 

3.2 

1 

1  , 

3.1 

a  Frozen  iit  gape. 
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Day. 

Jan. 

2.9 
3.4 
3.8 
8.9 
3.5 
3.1 
4.9 
G.l 
9.3 
9.0 
8.5 
7.9 
8.3 
8.0 
7.8 
7.8 
7.1 
7.2 
6.8 
6.0 
5.8 
5.0 
6.0 
5.2 
5.8 
5.2 
5.4 
5.4 
5.1 
6.0 
4.9 

4.7 

8.9 

3.8 

3.2 

8.1 

8.1 

3.8 

4.0 

10.9 

20.5 

28.5 

32.1 

31.2 

28.8 

19.5 

12.3 

10.9 

10.0 

9.7 

9.1 

9.6 

10.2 

9.9 

9.1 

10.8 

10.8 

10.0 

9.3 

8.8 

8.6 

8.4 

Feb. 

6.1 

5.0 

4.9 

6.5 

21.9 

25.5 

23.9 

19.7 

16.1 

16.0 

16.7 

15.4 

15.2 

14.1 

12.2 

10.3 

9.6 

8.6 

8.4 

8.8 

8.5 

8.7 

8.8 

8.2 

7.9 

7.0 

7.7 

7.7 

7.6 
7.2 
7.8 
7.6 
7.6 
7.4 
6.9 
6.5 
6.4 
5.0 
4.0 
3.8 
4.2 

n 

4.7 
4.7 
4.2 
4.7 
4.6 
5.1 
5.6 
6.1 
6.7 
6.8 
6.5 
6.8 
6.3 

Mar. 

7.7 
8.2 
9.4 
9.7 
9.5 
9.3 
8.5 
8.2 
7.9 
7.2 
6.U 
6.6 
6.7 
7.2 
7.0 
6.9 
6.8 
7.8 
7.4 
7.7 
7.1 
8.8 
8.7 
8.1 
7.7 
7.8 
7.0 
6.6 
5.9 
5.7 
5.2 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Deo. 

1894. 
1 

6.0 
4.8 
5.4 
5.3 
6.8 
6.9 
7.2 
7.4 
6.6 
5.7 
5.9 
7.2 
8.5 
7.8 
7.2 
6.9 
6.3 
5.5 
5.0 
5.1 
4.9 
4.8 
4.7 
4.6 
4.5 
4.3 
4.2 
4.1 
4.0 
4.0 

8.9 
8.8 
3.7 
3.7 
8.6 
8.5 
3.4 
3.3 
3.4 
3.3 
3.2 
4.7 
5.1 
4.8 
4.8 
4.0 
4.1 
5.2 
5.0 
5.4 
5.6 
6.2 
6.8 
6.9 
7.1 
6.7 
6.0 
6.6 
5.1 
4.7 
4.2 

6.0 
6.8 
6.6 
6.4 
5.7 
6.0 
6.5 
7.0 
8.2 
8.6 
9.0 
8.8 
8.9 
9.5 
9.0 
8.2 
7.7 
7.1 
7.0 
7.2 
7.1 
6.7 
6.5 
5.8 
5.6 
5.6 
7.0 
7.5 
7.4 
6.7 
6.0 

aFr< 

3.8 

3.6 

8.5 

8.4 

3.3 

3.2 

2.9 

2.8 

2.6 

2.5 

2.5 

2.4 

2.3 

2.3 

2.2 

2.1 

2.0 

2.1 

2.4 

2.5 

2.6 

2. 

2.3 

2.2 

2.2 

2.5 

2,6 

2.7 

2.9 

4.8 

1    4.4 
4.0 
3.7 
4.4 
4.2 
3.7 
3.2 
1    3.3 
'    8.1 
>    3.3 
3.7 
3.3 
2.7 
2.4 
2.1 
1.9 
1.8 
2.8 
2.4 
2.4 
3.3 
8.7 
3.8 
3.4 
4.0 
1.4 
3.9 
3.8 
3.6 
8.8 
8.8 

2.9 
2.9 
2.9 
2.8 
2.9 
3.0 
2.9 
2.9 
3.0 
2.6 
2.3 
2.1 
1.9 
1.8 
2.0 
3.6 
4.6 
3.6 
8.0 
3.1 
8.6 
3.7 
4.0 
3.6 
8.0 
2.6 
2.2 
2.7 
2.4 
2.7 
4.8 

4.0 
8.8 
3.0 
2.6 
2.1 
2.0 
1.8 
1.7 
1.5 
1.4 
1.4 
1.4 
1.3 
1.2 
1.5 
1.8 
1.8 
2.0 
2.0 
1.6 
1.5 
1.5 
1.8 
1.8 
1.6 
1.3 
1.1 
1.0 
.9 
.8 

0.9 

.9 

1.0 

1.5 

1.8 

1.8 

1.6 

1.3 

1.1 

1.0 

.8 

.9 

1.2 

1.9 

2.4 

2.1 

1.7 

1.4 

1.1 

1.0 

.9 

.8 

.8 

.8 

.8 

.8 

.7 

.7 

.7 

1.0 

1.1 

1.4 
1.7 
2.3 
1.6 
1.4 
1.5 
1.5 
1.3 
1.2 
1.1 
1.0 

•:S 

.8 
.8 
.8 
.8 
.7 
.8 
.9 
.9 
.9 
1.0 
1.0 

i:i 

1.2 
1.2 
1.1 
1.1 
1.1 

1.0 

2 

1.0 

8 

.9 

4 

.9 

6 

.9 

6 

9 

7 

.9 

8 

.9 

9 

1.1 

10 

1.2 

11 

1.6 

12 

3.8 

13 

H.6 

14 

11.1 

15 

11.2 

16 

10.8 

17 

8.6 

18 

f>.6 

19 

4.7 

20 

4.2 

21 

3.6 

22 

3.2 

23 

2.M 

24 

2.7 

25 

2.5 

26 

2.4 

27 

4.2 

28 

6.9 

29 

8.4 

SO 

7.9 

31 

5.8 

1896. 
1 

6.8 

7.3 

12.1 

18.2 

19.9 

18.2 

13.4 

10.5 

9.2 

8.6 

8.1 

7.5 

7.8 

8.0 

8.7 

9.4 

9.2 

9.6 

9.4 

8.9 

14.3 

20.6 

22.7 

22.0 

18.2 

13.0 

11.3 

10.6 

9.5 

8.9 

8.4 

7.8 

7.4 

6.8 

6.6 

6.8 

6.2 

6.0 

9.6 

10.7 

11.4 

18.0 

12.5 

10.4 

8.8 

7.9 

7.4 

7.0 

9.0 

11.8 

11.8 

9.9 

8.6 

7.7 

7.1 

6.7 

6.3 

6.0 

6.0 

5.9 

5.9 

6.6 
6.2 
4.8 
4.6 

*-2  . 
4.4 

4.6 
5.2 
6.1 
4.6 
4.2 
8.8 
3.6 
3.5 
8.4 
3.4 
8.8 
3.7 
3.6 
3.2 
3.1 
8.2 
3.1 
3.0 
2.9 
2.9 
2.6 
2.5 
2.5 
2.6 

3.2 
8.4 
8.8 
4.0 
4.6 
5.0 
5.0 
6.1 
5.5 
5.7 
5.1 
4.4 
3.8 
8.4 
3.2 
3.2 
3.7 
3.6 
8.3 
3.0 
2.7 
2.7 
2.5 
2.4 
2.4 
2.9 
8.8 
10.2 
10.4 
7.4 
5.3 
- 

4.4 
4.1 
8.8 
3.5 
8.4 
3.0 
8.2 
8.8 
3.3 
3.0 
8.0 
2.9 
8.2 
2.9 
2.8 
2.7 
3.1 
4.3 
4.9 
6.7 
5.3 
6.1 
5.3 
4.8 
4.6 
4.7 
4.2 
8.7 
3.6 
8.7 
8.4 

8.8 
8.4 
3.2 
8.1 
2.9 
2.8 
2.8 
2.8 
2.5 
2.4 
2.8 
2.4 
2.5 
2.4 
2.3 
2.2 
2.1 
2.8 
2.2 
2.0 
2.1 
1.9 
1.6 
1.4 
1.3 
1.8 
1.2 
1.1 
l.O 
0.9 

.9 

.8 

.8 

.8 

.8 

.8 

.8 

.9 

.8 

.9 

1.0 

1.0 

1.0 

1.0 

.9 

1.0 

1.0 

1.0 

.9 

.9 

.8 

.8 

■    V 

•  f 

•  9 

•  ff 

•  4 

•  9 

•  9 

i.o 

1.1 
1.2 
1.3 
1.6 

1.3 
1.3 
1.2 
1.1 
1.2 
1.3 
1.7 
2.1 
2.4 
2.2 
2.0 
1.9 
1.8 
1.7 
1.5 
1.3 
1.1 
1.8 
1.4 
1.3 
1.3 
1.3 
1.3 
1.3 
1.5 

1.4 

2 

1.5 

8 

1.4 

4 

1.4 

6 

1.4 

6 

1.6 

7 

1.5 

8 

1.4 

9 

1.3 

10 

1.3 

u 

1.4 

12 

1.5 

13 

1.8 

14 

1.9 

15 

16 

2.0 
1.9 

17 

1.8 

18 

19 

20 

21 

22 

1.7 
1.6 
1.6 
1.6 
2.1 

23 

3.3 

24 

4.2 

25 

4.6 

26 

4.3 

27 

4.2 

28 

4.6 

29 

5.2 

30 

4.7 

81 

4.7 

)2en 

HALI^) 


TKNNE88EE   BIVER    AND   TRIBUTARIES. 


185 


Daihf  gage  height,  in  feet,  of  Tennessee  River  at  Chattanooga,  TVnri.— Continueil. 


Day. 


1896. 


1 
2 

3 

A. 
5 
6 
7 
S 
9 
10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 
'JO 
21 
2£ 
•A 
24 
25 
2S 
27 
2» 
29 
30 
31 


1  . 
2. 
S. 
4, 

5. 

6. 

7  . 

8, 

9. 
10. 
11  . 
12. 
13. 
14 
15. 
16. 
17, 
18 
19 
20 
21 
22 
2S 
24 
25 
26 
27 
28 
29 
90 
81 


1897. 


1 
Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

(M«t. 

Ni.v. 

Dw. 

4.9 

4.4 

4.1 

14.8 

3.4 

2.6 

3.3 

5.5 

24 

26 

1.2 

2  4 

.>.o 

6.2 

3.9 

27.7 

3.4 

3.0 

3.2 

5. 2 

21 

23 

1.2 

2  5 

4.9 

10.0 

3.8 

34.4 

3.4 

4.4 

3.1 

4.8 

1.9 

26 

1.3 

25 

4.9 

11.6 

3.7 

38.8 

3.5 

5.7 

3.2 

4.6 

1.8 

3.0 

1.5 

26 

4.7 

10.5 

3.6 

40.5 

4.0 

5.2 

3.3 

4.5 

1.6 

2  7 

1.5 

2  6 

4.3 

9.3 

3.5 

36.9 

4.6 

4.7 

3.2 

4.9 

1.6 

2  6 

1.6 

2  7 

3.6 

11.8 

3.4 

23.3 

4.6 

4.1 

3.6 

5.0 

1.6 

21 

2  3 

2  9 

3.3 

14.0 

3.5 

11.6 

4.3 

3.5 

5.0 

4.2 

20 

1.7 

3.5 

3.0 

3.2 

13.8 

3.5 

9.0 

4.0 

3.5 

3.9 

3.8 

2  8 

1.5 

4.2 

2  8 

3.2 

13.2 

3.4 

8.0 

3.7 

4.5 

14.2 

3.4 

2  7 

1.4 

4.1 

2  8 

3.1 

12.8 

3.6 

7.2 

3.4 

7.0 

21.1 

3.3 

24 

1.2 

3.3 

2  7 

3.1 

U.4 

3.6 

6.7 

3.1 

6.3 

21.6 

3.4 

20 

1.2 

3.2 

26 

2.9 

10.1 

3.8 

6.2 

2.9 

5.1 

15.6 

8.2 

1.8 

1.2 

6.8 

24 

27 

11.1 

3.8 

5.8 

2.8 

4.3 

11.5 

3.2 

1.6 

1.2 

7.3 

2  6 

2.6 

12.8 

3.7 

5.5 

2.7 

3.6 

11.2 

3.1 

1.6 

1.5 

6.5 

4.1 

2-4 

13.6 

3.8 

6.2 

2.6 

3.2 

11.4 

3.0 

1.5 

1.7 

5.5 

6.5 

2.3 

12.5 

5.5 

5.0 

2  5 

3.0 

11.0 

3.0 

1.3 

1.6 

4.9 

6.6 

1    2.3 

11.0 

10.1 

4.8 

2.4 

2  8 

13.9 

2  9 

1.4 

1.6 

4.3 

6.3 

2.3 

9.0 

13.1 

4.2 

2  4 

2.9 

12.5 

2.7 

1.4 

1.7 

3.8 

6.4 

2.3 

7.6 

15.7 

4.4 

2.2 

3.1 

9.6 

2  6 

1.3 

1.6 

3.4 

6.8 

2.8 

6.7 

13.8 

4.2 

21- 

3.7 

7.6 

2.4 

1.2 

1.6 

3.0 

7.0 

2.5 

6.0 

11.2 

4.1 

21 

3.5 

6.5 

2  4 

1.2 

1.4 

28 

7.2 

3.1 

5.4 

9.5 

4.1 

2.5 

3.6 

8.5 

2  2 

1.3 

1.2 

2  5 

7.3 

5.0 

4.9 

8.4 

4.0 

3.2 

3.3 

8.8 

2  2 

1.4 

1.2 

24 

7.0 

6.5 

4.7 

7.9 

4.0 

3.6 

3.1 

8.6 

2  8 

1.6 

1.2 

2  3 

6.6 

8.2 

4.6 

7.5 

3.8 

3.8 

2  9 

7.8 

26 

2  0 

1.2 

22 

5.9 

8.0 

4.5 

7.2 

3.8 

3.2 

2  6 

11.1 

2  7 

1.7 

1.2 

21 

6.3 

7.0 

4.4 

6.7 

3.8 

3.1 

2  6 

12  2 

3.2 

1.5 

1.2 

22 

4.8 

6.0 

4.2 

6.2 

3.6 

2.8 

2.8 

9.3 

4.0 

1.5 

1.1 

5.3 

4.4 

5.3 

5.8 

3.6 

2  7 

3.0 

7.2 

3.6 

2.7 

1.1 

9.4 

3.7 

4.8 

3.0 

7.7 
126 

8.7 

2.6 
5.9 

4.3 

6.2 
5.0 

28 

2.1 

1.3 

.8 

.8" 

3.0 

2.4 

4.. 

1.0 

2.6 

7.0 

9.6 

12.2 

6.3 

4.2 

4.6 

3.9 

2  2 

.8 

.9 

1.2 

28 

10.1 

8.6 

16.0 

7.4 

4.1 

3.8 

3.8 

1.9 

.7 

1.0 

1.3 

2.6 

10.5 

9.0 

16.0 

9.6 

4.1 

3.4 

3.6 

1.8 

.6 

1.2 

20 

2.6 

9.4 

9.5 

26.0 

9.6 

4.1 

3.4 

3.8 

1.8 

.6 

1.2 

3.3 

2.7 

8.3 

12.1 

30.4 

8.5 

4.1 

4.0 

8.5 

1,7 

,5 

1.3 

3.8 

2.9 

8.8 

19.2 

29.7 

7.7 

4.4 

3.8 

4.4 

1.7 

.6 

1.4 

3.9 

8.0 

10.7 

25.1 

25.4 

7.2 

4.4 

3.8 

4.2 

1.6 

.4 

1.2 

3.5 

2.8 

14.1 

24.2 

20.0 

6.6 

4.0 

4.4 

4.2 

1.6 

.4 

1.2 

2.9 

2.8 

15.5 

21.3 

16.0 

6.2 

5.2 

4.0 

5.6 

1.4 

.4 

1.2 

2  6 

27 

13.2 

22.3 

14.0 

6.0 

5.0 

4.1 

5.2 

1.3 

.5 

1.1 

2  4 

2.6 

10.8 

28.4 

26.0 

6.2 

5.7 

4.6 

4.6 

1.2 

.6 

1.0 

21 

24 

9.9 

31.9 

11.4 

7.8 

5.0 

4.6 

4.1 

1.2 

.9 

1.0 

1.8 

2.6 

10.0 

37.9 

10.3 

18.4 

4.3 

4.2 

3.5 

1.1 

1.4 

.9 

l.s 

4,1 

10.5 

37.9 

9.7 

22.4 

3.9 

3.8 

3.1 

1.0 

1.1 

.8 

2  5 

6.5 

10.7 

37.0 

9.8 

20.3 

3.6 

3.6 

2  8 

1.0 

1.2 

.8 

2  7 

6.6 

9.8 

36.0 

10.2 

16.5 

3.7 

4.5 

2  8 

.9 

1.2 

.8 

2. 5 

6.3 

8.6 

33.8 

9.9 

11.9 

3.6 

6.3 

3.0 

.9 

1.2 

.8 

2  6 

6.4 

7,6 

29.6 

9.3 

9.1 

3.3 

6.1 

3,4 

.8 

1.1 

.8 

2  6 

6.8 

7.0 

29.6 

H.8 

7.7 

3.3 

5.6 

3.0 

.8 

1.4 

.7 

3.4 

7.0 

7.0 

32.4 

8.1 

6.9 

4.1 

6.7 

3.0 

.9 

2.0 

.7 

4.5 

7.2 

8.3 

33.3 

7.5 

6.4 

5.0 

6.1 

3.4 

.9 

1.0 

.7 

7.1 

7.3 

13.2 

30.9 

7.0 

5.9 

4.8 

5.8 

3.1 

.8 

1.6 

10. 2 

7.0 

25.2 

25.0 

6.7 

5.6 

5.3 

G.O 

3.8 

.9 

1.4 

.7 

9.3 

6.6 

31.6 

18.1 

6.4 

5.3 

5.5 

8.4 

3.4 

.8 

1.6 

7.7 

5.9 

34.8 

14.2 

6.2 

5.1 

6.2 

9.7 

2  9 

.8 

1.4 

.7 

6.4 

5.8 

33.8 

122 

6.0 

4.8 

5.4 

13.3 

2  8    , 

.7 

1.2 

.7 

5.6 

4.8 

23.6 

10.8 

6.1 

4.6 

5.5 

8.7 

2  8    1 

.7 

1.0 

.7 

5.0 

4.4 

9.8 

li.2 

4.4 

6.2 

6.7 

2  5 

.   1 

.9 

.    1 

4.5 

3,7 

9,1 

5.8 

4.2 

5.2 

5.6 

2  2    1 

.8 

.8 

.9 

4.0 

3.0 

. 

8.6 

4.2 



5.0 

21 

.8 

....... 

3.8 
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WATER    POWERS    OF    ALABAMA. 
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DaUi/  gage  Jieight,  in  feet ^  of  Te.nneHsee  Rlrer  at  Chalianooga,  Tarn. — Continue<l. 


Day. 


1898. 


Jan.  1  Ffb.  '  Mar. 


1 

2 

3 

4 

5 

(> 

7 

« 

9 

10 

11 

12 

la 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

2:i 

21 
26 
26 
27 
28 
29 
30 
31 


3. 

3. 

3. 
•> 

2. 

2. 

2. 

2. 

3! 

3, 

3. 

5. 
13, 
14. 
12. 
12. 
12. 
10. 

9. 
11. 
13. 
13. 
12. 
12. 
12. 
16. 
18. 
16. 
14. 
11. 

8. 


45 
25 
05 
90 
75 
65 
70 
80 
05 
25 
25 
50 
20 
40 
25 
20 
35 
00 
20 
70 
80 
40 
55 
35 
35 
05 
20 
70 
15 
20 
95 


1899. 


4. 

4. 

5. 

5. 

5. 

7. 
18. 
18. 
17. 
17. 
13. 
10. 

9. 

8. 

7. 

i. 

7. 

7. 

7. 

7. 

6. 

6. 

5. 

5. 

6. 

6. 

5. 

5. 

5. 

5. 


75 
95 
30 
80 
95 
25 
80 
40 
35 
15 
85 
50 
15 
10 
55 
80 
40 
45 
25 
00 
80 
45 
90 
65 
tt5 
35 

8:. 

75 
55 
30 


4. 
4. 


7.55 
6.70 
6.15 
5, 40 
5.00 
4.55 
45 
85 
4. 30 
4. 15 
4.00 
3.90 
3.80 
3.80 
3.80 
3.70 
3.55 
3.50 
3.30 
3.30 
3.20 
3. 25 
3.40 


50 
60 
80 
50 
35 


6.70 

5.  r>5 

5.60 

10.70 

23. 10 

30.45 

34.30 

36.95 

38. 25 

36. 75 

30.30 

19.35 

12. 15 

9.50 

8.50 

7.55 

7.95 

9. 55 

11.30 

12. 65 

11.50 

10.65 

10.10 

9.75 

9.50 

9.20 

13.20 

18.45 


5. 30 


3.30 
3.15 
3.00 
2.95 
3.;K) 
3. 45 
3.50 
3.40 
3.25 
3. 05 
2.90 
2.85 
2.80 
2.85 
3.15 
6.10 
5.05 
5.20 
6.50 
6.10 
5.70 
5. 45 


Apr 


17.46 
17.80 
15. 00 
11.45 
10.35 
12.15 
11.  (X) 
10. 30 
9.30 


8.30 
8.60 
50 
40 
00 
05 


i  9.15 
8. 60 

I  8. 20 
8.0') 


5.15 


4. 
4. 
4. 
4. 
4. 
4. 
5. 


65 
30 
15 
46 
45 
65 
55 


13.25 


19.25 
17.60 
15.15 
14.15 
17. 95 
24. 50 
26. 55 
27. 60 
27.70 
16. 15 
11.85 
10.60 
9.55 
11.20 
24.55 
3-4.25 
36.90 
36. 15 
35. 85 
37. 05 
39. 20 
40.00 
38.70 
32. 70 
23.16 
16. 80 
13. 65 
13. 95 
17.;iO 
21.20 
22.80 


95 
40 
05 
60 
85 
6.65 
6.60 
6. 45 
7.10 
7.05 
6.75 


6.40 
6.80 
5.40 
6.05 
4.70 
4.45 
4.35 
4.10 
4.20 
4.15 
4.45 
4.65 
4.40 
4.15 
3.95 
3.90 
3.80 
3.70 
3.70 
3.(55 
3.60 
3.<i0 
3.50 
3.40 
3.45 
3.70 
4.95 
5.  m 
4.90 
4.20 
3.70 


June.    July. 


22.80 
19.50 
14.90 
12. 95 
18.25 
14.70 
15. 70 
18.05 
17. 75 


15. 
14. 


70 
20 


12.90 
11.65 
10.70 
10.00 
9.  40 
8. 75 


8. 
8. 
7. 
7. 

i. 

I. 

9. 
9. 


40 
00 
55 
85 

a5 

8') 

65 

35 

10.  75 

10.30 

9. 20 

8. 35 

7.  75 


7.60 
7.10 
6.70 
6.30 
6.15 
7.10 
8.50 
9.35 
10.00 
10.70 
11.15 
10.40 
9.60 
9.:» 
9.55 
9.20 
8.70 
7.  75 
6.90 
6.40 
5.90 
5.60 
5.35 
5.  30 
5. 05 


80 
65 
40 
30 


4.20 
4.26 


3.35 
3.30 
3.30 
3.80 
2.a5 
2.55 
2.35 
2.20 
2.a5 
1.95 
1.80 
1.95 
1.80 
1.75 
1.65 

1.  /•■) 

2.00 

2.a5 

3.50 
4.05 
5.35 
5. 55 
5. 05 
4. 55 
3.70 
3.40 


2.90 
2.80 
2.80 
2. 55 


4.15 
4.25 
4.40 
4.85 
4.65 
4.25 
4.05 
3.75 
3. 55 
3.40 
3.90 
4.30 
5. 25 
5.80 
6.45 
6.10 
6.40 
6.20 
5. 25 
4.70 
4.20 
3.7r 
3.50 
3. 25 
3. 15 
3.00 
3.25 
3.6.'» 
3.50 
8.30 


2.45 
2. 35 
2. 25 
2.05 
2.35 
2.10 
2.10 
2. 15 
2.60 
3. 05 
3.50 
3.40 
3.20 
2.80 
2.85 
3.50 
4. 55 
5.35 


4. 
4. 
4. 


60 
15 
00 


3.30 
8.30 


3. 
3. 


40 
55 
3.55 
4.65 
5. 56 
6.35 
6.90 
7.90 


2. 
2. 


2. 60 
2.66 
8.05 
2.90 
2.60 
2. 55 
2. 45 
2.30 
2.20 
2.15 
1.95 
1.90 
1.80 
1.90 
2. 05 
2.05 
2.40 
2.70 
3.50 
3.40 
3.00 
:,.  05 
3.  (.5 
4. 25 
4.25 
5.15 


3.45 
3.30 
3.05 


80 
60 


Aug. 


8.16 

7.56 

6. 45 

5.35 

6.25 

11.85 

14.  (i5 

12. 56 

10.16 

8.50 

9.06 

12.30 

14. 85 

15. 85 

14.95 

11.60 

8.90 

7.10 

6.40 

6.a5 

5.95 

5.65 

5. 40 

4.75 

4.30 

4 

4 

4 

4 

4 

3, 


06 
00 
10 
30 
10 
85 


4.20 
3.65 
3.05 
2.75 
2.45 
2.45 
2.40 
2.40 
2.25 
2.10 
2.10 
2.00 
2.00 
2. 25 
2. 65 
2. 65 
2.40 
2.30 
2.15 
1.90 
1.70 
1.60 
1.45 
1.30 
1.20 


Sept. 


3.65 
3.  i.5 
9. 15 
18. 50 
25.00 
22.15 
15.70 
11.25 
9.50 
8.60 
7.45 
6.45 
5. 70 
5.20 
4.80 
4. 45 
4.25 
3.9.5 
3.75 
3.55 
3.45 
3. 55 
5.00 
6.a5 
6.40 
7. -20 
6.15 
6.00 
4.30 
3.85 


1. 
1. 
1. 
1. 
1. 


20 
20 
25 
50 
85 


1.75 


2.20 

2.35 

2.80 

3.06 

2.66 

2.25 

1.95 

1.80 

1.60 

1.80 

1.70 

2.00 

1.80 

2.00 

l.a5 

1.65 

1.45  , 

1.35  ! 

1.20  ; 

l.a5  I 

1.00 

i.a5 1 

1.80  I 

1.60  I 
1.60  ' 
1.45 
l.JJO  I 
1.20 
1.'25  I 
1.30 


Ovi. 


3. 55 
3.30 
3.20 
3.90 
8.90 
16.90 
16.50 
10.75 
8.80 
8.40 
7. 55 
6.55 
6.00 
5.70 
5.35 
4.90 
4.70 
5. 25 
6.70 
7.75 
9.30 
8.80 
7.65 
7.25 
7.20 
7.60 
6.90 
6.20 
5.65 
6.15 
4.85 


1.20 
1.10 
1.05 
.95 
.90 
.80 
.85 
00 
15 


N(>v.      DtM- 


1 
1 

1.60 
1.8^) 
1.85 
1.70  , 
1.65 
1.40 
1.'25 
1.15 
1.15  I 
1.10 
1.10 
1.10  I 
1.10  ' 
l.a5  , 
1.00  ' 
.95 
.85  I 
.80 
.80 
.90 
1.00  I 
1.05  ; 


4.60 
4.30 
4.25 
4.05 
3.90 
3.90 
4. -25 


4. 
4. 
4. 
4. 


45 
50 
45 
6.-> 
5.0-"^ 
5.30 
4.9.') 
4. 55 
4.40 
4.55 
4. 75 
4.95 
6.30 
6.85 
6.05 
6.55 
6.85 
6.55 
6.10 
5.65 
6.15 
4.80 
4.95 


1.10 
1.10 
l.ai 
1.10 
1.50 
1.50 
1.60 
1. 45 
1.35 
1.20 
1.15 
1.10 
1.00 
1.00 
1.00 
1.00 


1.00 
1.00 

1.00 

.9:5 

.85 
1.00 
1.15 
1.30 
1.70 
1.80  ' 
1.S5 
1.80 
1.75  I 


r-/\    ! 


5.  10 
5.  (C 

4.yo 

5.  VH' 

5.  o'> 

5.  i'.ij 
W* 

S."> 


U» 


.». 
5. 
5. 
5. 
5. 
4.  7r» 
4.rr» 
4.  :ji> 

4.  imj 
3.  K.5 

:'..  70 
3.  ('•(» 
3.  7.'» 

5.  Jt) 


6. 
5. 

5.  :i~i 

5.  JO 
5.  lU 
.'».  90 
5.70 
5. 1 5 
4.  SO 
4.60 


1.70 
1.70 
1.70 

1.70 

l.NJ 

l.TO 
1.6» 
1  .V» 
I.  41) 
1.4'» 
1.6» 
5.i«» 
6.45 
7.  U) 
7.  15 
G.  2t> 
5. 2f» 
4.2.T 

3.  H.-, 

4.  2.5 
4.  10 

4.  10 
4. 1'l 

.5.  ir* 
6.1  ■. 

6. 8  » 

5.  H  . 
5.  .V» 
.5. 10 
4.«l-» 
3.  K.'» 


HAU^] 
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Daily  gage  height,  in  feet,  of  Tennes9*'e  Rivi-r  <U  ChaUmunHja,  7)iin.--i  'mitlinnMl. 


D»y. 


19U0. 


«> . 
i  . 

;'V 
»i  . 

t  . 
H  , 
9. 

]U 

U 

I.* 

1:1 

14 

!5 

lt>. 

n. 
ly 

•31 
-II 

•r> 

23 

^> 

28 

27 

2S. 

'JS 

3i> 

31 


1901. 


3.... 
A.... 

5-... 

6.... 

7... 

h 

9.... 
ID... 
11  ... 

12 

13 . . . 
H... 
15... 
16... 
17... 
IS... 

i'j . . . 
20... 
21... 
22  ... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31  ... 


JaJi. 

Feb. 

Mar. 

Apr. 

May. 

June. 

i  July. 

A  UK. 

S«'pl. 

Ort. 

Nt.> . 

in*-. 

3.05 

3,25 

8.06 

7.85 

6.20 

2..S5 

S.  h.'» 

6.20 

2. 10 

2.  (JO 

2.  'JO 

8.70 

ill, 

2.95 

8.70 

7.20 

5.65 

2.80 

8.15 

6.40 

2.W 

l.SO 

2.  tiO 

6.  ."iO 

(«) 

2.t50 

10.90 

6.86 

5.:^ 

3.00 

6.95 

4.70 

2. 30 

1.70 

2..'iO 

5.  (iO 

t««) 

2.50 

12.  fiO 

7.25 

6.15 

3.20 

6.30 

4.20 

2.  5(» 

i.;>o 

2.  9(» 

5. 10 

<«) 

2.90 

12. 75 

8.0.> 

4.95 

3.20 

5.  H) 

3.  60 

2.  :io 

1.40 

3.:x» 

5. 60 

2, 10 

3.50 

10. 65 

8. 55 

4.80 

3. 50 

5.40 

3.  20 

2. 00 

i.:iit 

3.70 

6.  HO 

2.20 

3.95 

10.00 

7.85 

4.65 

5. 65 

5.00 

2.  90 

1.70 

l.:iii 

4.  211  , 

s.  :mi 

2.30 

3.90 

11.65 

7.05 

4. 45 

ti.  r>5 

4.50 

2.  rp(» 

l.«J 

l.Ui 

l.2l» 

9.  JO 

2.8ft 

5.35 

14.55 

0. 50 

4.45 

6. 15 

4. -20 

2.  10 

1.40 

l.M> 

3.  70 

s.  :.o 

2.45 

8.40 

16.50 

0.10 

4.3.1 

5.  '.Vi) 

4.20 

2.  :k) 

i.:u) 

2. 10 

3.  -20 

7.00 

3. 3r» 

9.40 

16. 15 

6.50 

4.30 

5.  U) 

4.30 

2.10 

1.20 

2. 10 

3. 1)0 

6. 10 

«.tf> 

8.95 

14. -25 

7.50 

4.:)o 

4.90 

3.  mi 

2.00 

1.10 

2.  :a) 

2.  7C» 

5.  40 

H.  ir» 

13.90 

11.  or* 

7.40 

4. 15 

4.  50 

3.40 

1.90 

1.<H) 

3. 1)0 

2..".<» 

4.90 

8.70 

21.55 

9.85 

7.00 

4.00 

5. 20 

3.30 

1.90 

1.10 

2.  U\ 

2.  :«• 

t.  :•() 

H.4ft 

24.00 

8.65 

6. 50 

3.K'» 

5.30 

3.:u) 

2. 10 

l.w 

1.90 

2.  20 

4.:*o 

7.N) 

21. 40 

8.00 

6.30 

3. 75 

5.  -25 

3.%) 

2.  '2X) 

3.10 

1.80 

2. 10 

1.  20 

6.35 

17.00 

7.W 

8.  75 

3.60 

5. 45 

3.20 

2.30 

4.00  < 

1.60 

2. 00 

4.U) 

.'>.  50 

12. 05 

7.55 

10.  (]5 

3.50 

6.15 

3.10 

2. 30 

4.  10 

l.TiO 

2.  (JO 

3. 1.0 

6.W) 

9. 25 

7.55 

9.75 

S.40 

8.85 

3.00 

2.30 

4.  m 

1.10 

1.90 

3.40 

KM 

7.70 

8.55 

9.40 

3.40 

"9.20 

2.90 

2.  '2M 

1.70  ; 

i.:w 

i.yo 

3.:to 

9.40 

7.10 

11.60 

11.70 

3.25 

8.90 

2,70 

1.90 

3.W 

1.20 

2. 10 

3.:io 

H.Ho 

7.70 

14.95 

12.00 

3.15 

7.65 

2.50 

1.80 

3.00 

I. -20 

2.  20 

4.00 

7.95 

8.  .50 

17.40 

11.35 

3. 0'. 

6.40 

2-50 

1.70 

2.  m 

1.40 

2.;u» 

4. 20 

7.20 

8.55 

16.45 

10.70 

3.  OJ 

6.25 

'l.m 

1..S0  ' 

2.40 

2.20 

2.  SO 

4.70 

6.15 

8.65 

12.65 

9.75 

3. 1.) 

7.15 

3.00 

1.90 

2.70 

4.10 

3.  '20 

5. 20 

5.50 

9.50 

11.15 

8.60 

3.20 

7.60 

3.10 

2.50 

2.70  ' 

7.  (H) 

7.80 

5. 40 

5.00 

9.30 

10.90 

7.80 

3.35 

8.a5 

3.80 

3.10 

2.W) 

7.  .10 

13.9(» 

5. 20 

4.&5 

8.45 

10.70 

7.45 

8.60 

8.20 

4.60 

2.70 

2.  40 

6.00  , 

15.  (X) 

4.(0 

4.20 

■"■■•"■ 

10.20 

7.05 

3.60 

8.(U) 

H.OO 

2.50 

2. :  n 

4.90  ' 

\\{-a 

4.:o 

3.90 

^ 

9.35 

6.60 

3.35 

8.70 

8.20 

2.  :M) 

2. 2U 

3.70 

13.20 

4.20 

3.55 

6.5 

8.50 

3-05 
10.8 

12. 0 

7.30 
0.0 

2.20 
2. 8 

9.9 

3. 40 
4.2 

2.6 

4.50 

5.2 

3.7 

12.4 

2.3 

5.7 

6.7 

3.7 

13.2 

9.3 

11.1 

5.9 

2.8 

9.8 

4.5 

2. 6 

■)  •> 

5.8 

7.2 

3.7 

19.7 

8.5 

9.8 

6.3 

2.9 

9.7 

4.6 

2. 5 

2.3 

5.6 

8.7 

3.7 

24.1 

7.6 

8.5 

6.4 

2.8 

10.3 

4.5 

2.5 

2.5 

5.1 

10.1 

3.8 

23.9 

7.0 

7.7 

6.0 

2.6  ' 

9.4  ' 

4.1 

2. 5 

2.  5 

4.7 

10.0 

4.0 

22.4 

6.7 

6.9 

5.2 

2.6 

7.y  . 

4.8 

2.5 

2. 5 

4.4 

9.4 

4.1 

18.9 

6.4 

6.9 

5.1 

3.2  , 

6.9 

4.5 

2.4 

3.0 

4.1 

8.9 

4.1 

14.2 

6.2 

6.9 

5.4 

9.1  ' 

6.4  ' 

4.1 

2.4 

3.2 

3.9 

8.5 

4.0 

11.8 

5.9 

6.5 

6.6 

12.2 

5.9 

3.1 

2.4 

3.2 

8.8 

7.7 

7.0 

10.3 

5.6 

6.9 

6.3 

9.9 

5. 5 

3.7 

2.4 

3.5 

G.1 

7.6 

9.8 

9.2 

5.6 

8.2 

6.6 

7.3 

5.3 

3.  1 

2.4 

3.5 

15.4 

7.0 

11.2 

8.4 

5.4 

7.4 

.1. 6 

5.  8 

5.1 

3.4 

2.4 

4.0 

26.6 

7.1 

9.7 

7.9 

5.6 

6.4 

5.0 

5.3 

5.7 

3.5 

2. 5 

4.1 

28.1 

7.2 

8.2 

6.8 

5.5 

6.1 

4.4 

6.5 

5.9 

4.0 

2. 5 

4.7 

25.3 

7.0 

7.3 

9.8 

5.5 

6.4 

4.1 

14.0 

6.0 

4.:? 

2. 5 

17.9 

19.5 

6.4 

6.4 

10.3 

5.4 

7.5 

3.6 

27.3  1 

6.1   ' 

4.1 

2. 5 

26.  8 

12.7 

5.8 

5.8 

10.2 

5,2 

8.9 

3.7 

32.  H 

6.3 

4.1 

2.4 

2S.K 

9.7 

6.3 

5.4 

9.6 

4.9 

9.8 

3.9 

32.6 

X.8 

4.0 

2.  1  , 

26.  7 

8.1 

5.1 

5.0 

10.8 

5.3 

9.3 

3.7 

28.6  1 

9.9  ' 

3.7 

2.3 

19.9 

7.2 

5.0 

4.7 

21.1 

8.0 

8.9 

3.7 

23.4  , 

9.3 

3. :; 

2.3 

11.  4 

6.4 

4.9 

4.7 

26.5 

10.2 

8.4 

4.2 

18.6  , 

8.3  , 

8.1 

•»  •> 

S.3 

5.9 

4.7 

4.8 

24.7 

20.2 

7.7 

3.9 

17.0  ' 

7.4  ' 

3.1   ' 

2.1 

6.6 

5.4 

4.5 

5.2 

23.0 

26.5 

10.1 

3.7 

16.5  1 

6.4  ' 

3.1   1 

2.2 

\1 

5.6 

4.4 

5.0 

22.2 

29.7 

9.5 

3. 5 

18.5  1 

5.6  1 

3.0  1 

2.  5 

5.8 

5.8 

4.2 

5.0 

19.0 

32.4 

7.6 

3.1 

16.5  ' 

5.2 

3.0 

2.  5 

6.9 

5.8 

4.1 

7.7 

17.1 

;«.5 

9.6 

3.0 

13.1   ' 

4.9 

2.9 

2.  5 

7.9 

5.4 

,      3.8 

15.9 

14.9 

•23. 5 

9.8 

2.9 

11. 0  1 

4. 6  , 

2.8  . 

2.6 

10. 2 

5.2 

3.7 

22.3 

14.9 

13.5 

8.4 

2.9 

10.3  1 

4.4' 

2.7 

2.5 

16. 0 

6.2 



21.7 

14.5 

12.1 

7.2 

2.8 

10.7 

4.4 

2. 6 

2.5  , 

24.0 

5.2 

18.4 

13.8 

11.9 

6.4 

2.H 

10.0  1 

4.3  1 

2.5  , 

2.4 

32.  0 

5.5 

14.7 

12.3 

2.8 

9.8  ' 

2.5 

1 

37.4 

a  FnisMMi  at  ffUKC 
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WATER    POWERS    OF    ALABAMA. 


[NO.  107. 


DaUy  ga^e  height^  infeety  of  Tennessee  River  at  Chaiiajioogay  Teim. — Continued. 


Day. 


1902. 


Jan. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


1903. 


40.1 
40.8 
37.6 
26.8 
15.0 
10.9 

9.7 

8 

8 

7 

7 


Feb. 


6.9 
6.5 
6.2 
6.8 
5.5 
5.3 
5.1 
5.1 
6.2 
5.4 
6.2 
6.6 
6.7 
6.6 
6.1 
6.3 
8.5 
12.6 
16.8 
18.9 


20.1 

21.8 

23.2 

21.7 

18.0 

14.5 

11.7 

10.0 

8.8 

8.1 

7.5 

6.9 

6.4 

6.0 

6.0 

6.1 

6.0 

5.8 

6.6 

5.5 

5.2 

5.7 

6.8 

7.9 

8.1 

8.5 

8.6 

18.3 


4.7 

4.8 

4.5 

4.9 

5.3 

5.1 

6.1 

7.6 

6.9 

15.4 

6.8 

19.6 

8.2 

17.6 

7.6 

18.0 

6.7 

17.2 

6.0 

15.3 

6.r, 

14.4 

6.2 

16.0 

7.1 

16.3 

7.2 

14.8 

6.5 

13.6 

6.0 

12.3 

6.8 

18.4 

5.4 

25.9 

5.1 

29.3 

4.8 

29.0 

4.5 

24.4 

4.4 

15.4 

4.2 

11.3 

4.0 

9.9 

4.0 

8.8 

4.2 

8.0 

4.3 

7.5 

4.4 

12.7 

4.6 

4.7 

4.8 



Mar. 


24.0 
31.9 
36.8 
38.0 
36.9 
30.3 
25.6 
20.7 
17.9 
15.6 
14.2 
12.9 
12.1 
11.2 
10.6 
10.0 
12.2 
14.5 
14.9 
14.1 
12.3 
10.6 
9.5 
8.9 
8.3 
7.8 
7.5 
7.2 
12.9 
26.6 
31.0 


26.6 
31.0 
29.2 
23.6 
16.6 
13.1 
12.3 
14.6 
20.7 
24.4 
23.9 
21.0 
18.3 
16.2 
14.9 
13.6 
11.9 
10.7 
9.8 
9.0 
9.0 
9.0 
10.0 
16.7 
25.8 
28.8 
27.3 
20.1 
13.8 
13.1 
16.0 


Apr. 


30.9 
27.0 
18.0 
12.3 
10.7 
10.0 
9.5 
9.8 
9.9 
9.5 
8.9 
8.4 
8.0 
7.5 
7.3 
7.1 
6.9 
6.8 
6.7 
6.6 
6.5 
6.3 
6.1 
6,0 
6.9 
6.7 
5.6 
6.4 
6.2 
5.2 


May. 


17.4 
16.6 
14.8 
13.0 
12.3 
12.4 
11.9 
15.6 
24.6 
30.3 
31.8 
28.0 
19.7 
17.6 
20.4 
21.9 
21.2 
18.8 
16.1 
14.2 
13.2 
13.0 
13.0 
11.8 
10.8 
10.1 
9.6 

u 

ft.  6 


6.6 
8.6 
9.3 
8.0 
6.8 
6.0 
6.6 
6.6 
5.5 
5.2 
6.0 
4.8 
4.6 
4.5 
4.6 
4.6 
4.7 
4.6 


4. 
4. 
4. 

4. 
4. 


4.6 
4.6 
4.6 
4.2 
4.0 
4.4 
4.6 
4.3 


9.0 
8.3 
7.8 
7.8 
7.0 
6.7 
6.6 
6.3 
6.0 
5.8 
5.6 
5.4 
5.2 
6.0 
4.9 
4.8 
4.7 
4.6 
4.5 
4.3 
4.2 
4.1 
4.0 
4.0 
3.8 
3.8 
3.6 
3.5 
3.5 
3.8 
4.7 


June. 


4.0 
3.8 
3.6 
3.6 
3.4 
3.4 
3.2 
3.2 
3.3 
3.4 
3.2 
3.4 
3.5 
3.3 
3.1 
3.0 
3.0 
3.0 
4.0 
4.6 
4.6 
4.4 
4.0 
3.9 
3.7 
8.6 
4.0 
3.9 
4.0 
6.0 


6.6 

8.2 
11.6 
11.6 
10.1 

9.3 

9.8 
11.2 
10.6 

9.0 

8.7 

7. 

8. 

7. 

6. 

5. 


,8 

0 

1 

3 

,6 


5.1 
4.7 
4.4 
4.3 
4.3 
4.3 
4.3 
4.3 
4.2 
4.1 
4.1 
4.5 
4.7 
4.5 


July. 


9.8 
10.2 
8.8 
7.6 
6.6 
5.5 
4.6 
4.0 
3.7 
3.5 
3.4 
3.4 
3.6 
4.8 
6.0 
4.2 
3.8 
3.3 
3.1 
2.9 
2.6 
2.7 
2.9 
2.0 
2.3 
2.0 
2.0 
1.9 
1.9 
2.0 
2.3 


4.1 
3.8 
3.7 
8.6 
3.6 
3.8 
3.9 
3.8 
4.0 
4.0 
3.9 
3.8 
4.1 
5.7 
6.5 
5.4 
6.6 
5.1 
4.7 
4.1 
3.8 
4.0 
3.6 
3.2 
2.9 
2.7 
2.6 
2.4 
2.3 
2.3 
2.2 


Aug. 


2.2 
2.0 
2.1 
2.4 
2.4 
2.8 
2.5 
2.1 
1.9 
2.2 
2.8 
2.7 
2.4 
2.0 
1.7 
1.6 
1.6 
1.6 
1.6 
1.4 
1.5 
1.6 
1.6 
1.5 
1.4 
1.4 
1.5 
1.5 
1.6 
1.9 
1.7 


2.8 
2.6 
2.9 
3.8 
3.8 
4.2 
4.9 
4.2 
3.6 
3.0 
2.6 
2.7 
3.3 
2.9 
8.2 
3.8 
4.1 
3.8 
3.4 
3.8 
3.8 
3.0 
2.9 
2.6 
2.2 
2.0 
1.8 
1.7 
1.6 
1.6 
1.8 


Sept.     Oct,      Nov.      I>« 


1.4 
1.2 
1.2 
1.5 
1.3 
1.4 
1.5 
1.5 
1.6 
1.6 
1.4 
1.5 
1.9 
2.1 
2.0 
1.9 
1.8 
1.6 
1.4 
1.4 
1.4 
2.0 
2.6 
2.6 
2.8 
3.3 
3.6 
8.6 
8.6 
8.6 


1.7 
1.6 
1.4 
1.4 
1.8 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
1.1 
1.1 
1.1 
1.2 
1.1 
1.0 
1.2 
1.3 
1.3 
1.1 
1.2 
1.2 
1.1 
1.0 
1.0 
.8 

.  / 

.7 
.6 


3.9 
3.7 
3.9 
3.3 
3.0 
2.8 
2.4 
2.1 
2.0 
1.9 
2.2 
2.9 
2.7 
2.7 
8.3 
3.4 
3.6 
3.0 
2.8 
2.6 
2.2 
2.0 
1.8 
1.8 
1.6 
1.6 
1.4 
1.4 
1.8 
1.2 
1.2 


'-| 


0.6 

.6 

.6 

.6 

.6 

.6 

.6 

.8 

1.0 

1.6 

1.4 

1.3 

1.2 

1.2 

1.0 

.9 

1.0 

1.0 

1.0 

.9 

.9 

.9 

.9 

.8 

.8 

.7 

.7 

.6 

.6 

.6 

.7 


1.8 

5.2 

1.3 

5.1 

1.4 

6.7 

1.5 

1        "•* 

1.5 

'        7.S 

1.5 

7.5 

1.4 

7.5 

1.8 

ti.ti 

2.2 

6.0 

2.1 

6.S 

1.9 

4.7 

1.8 

4. -2 

1.8 

1       3.9 

1.6 

i       3.6 

1.5 

'       3.4 

1.4 

3..'» 

1.4 

4..S 

1.4 

7.4 

1.7 

7.S 

1.9 

7.2 

2.1 

7.U 

1.9 

8.7 

1.9 

9.6 

2.0 

;     H-7 

2.1 

7.-2 

8.6 

6.5 

6.1 

5.7 

6.3 

5.1 

5.8 

4.5 

6.4 

4.3 

4.6 

0.8 

1.1 

.9 

1.1 

1.1 

1.1 

1.2 

1.0 

1.8 

1.0 

1.8 

.9 

1.5 

1.0 

1.4 

.9 

1.3 

1.0 

1.3 

.9 

1.3 

.9 

1.8 

.9 

1.3 

1.0 

1.3 

.9 

1.2 

.9 

1.2 

1.0 

1.5 

1.2 

3.0 

1.1 

6.1 

I.O 

6.8 

1.4 

4.6 

3.0 

3.8 

4.7 

3.1 

4.4 

2.6 

3.7 

2.1 

3.7 

1.8 

3.4 

1.6 

3.1 

1.6 

8.7 

1.3 

3,8 

1.2 

3.8 

3.7 

■ALJ.] 


TENNESSEE   KIVEK    AND   TRIBUTARIES. 


18V> 


Ralitig  iahle  far  Tetinefgee  Ricer  tU  ChaitaniHHjii^  Tenn,,  from  ISJH)  h*  ISHH. 


Gaxe 
height. 

IMacharge. 
Seetmd-/ett. 

Gage 
height. 

Diaoharge. 

(»*gt' 
height. 

1 

1      /W. 

IHwrhargo.  | 
Secnnd-ftfi. 

(iage 
height. 

fWf. 

Pliwlmrgv. 

FnL 

Fed, 

Secvnd-Jeet, 

SrcotuI/iH. 

0.7 

16,360 

11.0 

66,850 

(      22.5 

i:«,665 

34.0 

293,  820 

.8 

16,560 

11.5 

69, 755 

'      23.0 

i:i6,570 

34.5 

302,720 

.9 

16,  780  ' 

12.0 

72,660 

1      23. 5 

139, 475 

35.0 

311,620 

1.0 

17,000 

i       12.5 

75,565 

24.0 

142,  m)  1 

36.5 

320, 520 

1.5 

18,160 

13.0 

78, 470 

24.  5 

145,285 

:i6.a 

329, 420 

2.0 

19,500 

13.5 

81,375 

25.0 

148, 190 

:^6.5 

XW,  320 

2.5 

21.100 

14.0 

84,280 

1      25.5 

151,095  [ 

37. 0 

347, 220 

3.0 

23,000 

!       14.5 

87,  \^ 

26.0 

154,000 

37.  5 

356,120 

3.5 

25,090 

15.0 

90,090 

26.5 

1 

162,500  ' 

38.0 

365, 020 

4.0 

27,300  1 

15.5 

92,995 

1      27.0 

171,000 

38.5 

373, 920 

4.5 

29,660 

16.0 

95,900 

i      27. 5 

179,900  , 

39.0 

382,  820 

5.0 

32,200 

16.5 

98,805 

;      28.0 
28.5 

188,800  1 

39.5 

391,720 

5.5 

34,895 

17.0 

101,710 

197,  700  ' 

40.0 

400,620 

6.0 

37,800 

17.5 

104, 615 

29.0 

29.5 

1 

206,600 

40.5 

409,520 

6.5 

40,705 

18.0 

107, 520 

* 

215,500  , 

41.0 

418, 420 

7.0 

43, 610 

18.5 

110,425 

30.0 
30.5 

224,400 

41 . 5 

427, 320 

7.5 

46,515 

19.0 

113,330 

2'«,300 

42.0 

436, 220 

8.0 

49,420 

19.5 

116,235 

31.0 

242,200 

42.5 

445, 120 

8.5 

52, 325 

20.0 

119, 140 

1      31. 5 

251,100 

43.0 

454, 020 

9.0 

55,230 

20.5 

122,045 

32.0 

260,000  ' 

43.5 

462,920 

9.5 

58,135 

21.0 

124, 950 

32. 5 

268,900 

1 

44.0 

471,820 

10.0 

61,040 

1      21. 5 

127,855 

33.0 

276,020 

44.5 

480,720 

10.5 

63,945 

22.0 

130,760 

33.5 

284,920  ' 

I,  Tenn.  f  for 

Diflcharge.  j 
Seeond'/rei. 

1^96  ana 

Gage 
heigiit. 

Feet. 

Ral[ 

Ing  table  for 

■ 

DiHChaige. 

Tennessee 

Rirer  at  CI 

kattanoogc 

I  JS97. 

height. 

Gage 
height 

Put. 

Diiichaige. 

height. 

DiMuhaigo. 

Fret, 

Secondr/eet 

Secomlfrd. 

Fret. 

S('cmid-/ret. 

0.2 

3,080 

1.4 

10,208 

3.4 

22,088  \ 

12.0 

73, 172 

.3 

3,674 

1.6 

11,396 

'        3.6 

23,276 

13.0 

79,112 

.4 

4,268 

1.8 

12,584 

3.8 

24,464  ] 

14.0 

85, 052 

.o 

4,862 

2.0 

13,  772 

4.0 

25,652 

15.0 

90,992 

.6 

5,456 

2.2 

14,960 

4.4 

28,028  ' 

'         1 

16.0 

96,932 

.7 

6,050 

2.4 

16, 148 

4.8 

30,404  1 

18.0 

108,812 

.8 

1 

6,644 

2.6 

17,336 

6.0 

37,532  1 

20.0 

120,690 

.9 

7,238 

2.8 

18,524 

8.0 

49,412  ' 

1 

22.0 

132, 570 

1.0 

7,832 

3.0 

19, 712 

10.0 

61,292  1 

24.0 

144,450 

1.2 

9,020 

3.2 

1 

K>ve  26  feet 

20,900 
nne  above  tal 

11.0 
>le  as  applii 

67, 232 

1 

sable  to  189Q-1 

«26.0 

156, 330 

a  At 

895. 
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WATER    POWI5R8    OF    ALABAMA. 


[NO.  1U7. 


lialimj  table  for  Tenneanee  River  at  Chattanooga^  Tenn.,  for  JS9S. 


Gago 
heiglit. 

Ffft. 

1 
Diwhaiige. 

Gage 
height. 

1 

Discharge. 

1 
1 

Serond-Jf:('t. 

Gage 
height. 

Discharge. 

Second-feet. 

Gage 
height. 

DiseharKi- 

/•Wt. 

Fuel. 

i%el 

Second/rti 

0.5 

5, 900 

3.7 

19, 550 

6.9 

42, 370 

10.6 

68,650 

.6 

6,  266 

3.8 

20,120 

7.0 

43,100 

11.0 

72, 

,300 

6,6:m 

3.9 

20,700 

7.1 

43, 830 

11.5 

75, 

950 

.8 

7,004 

4.0 

21,320 

7.2 

44,560 

12.0 

79, 

,660 

.9 

/  ,  .i  /  n 

4.1 

21,950  1 

7.3 

45,290 

12.5 

83, 

250 

l.O 

7,  750 

4.2 

22, 580 

7.4 

46, 020 

13.0 

86, 

,900 

1.1   1 

8,  126 

4.3 

23,350  ; 

7.5 

46,  750 

13.5 

90, 

,550 

1.2 

8,504  1 

4.4 

24, 120  ; 

7.6 

47, 480 

14.0 

94, 

,200 

1.3 

8,884 

4.5 

24,  850 

48, 210 

14.5 

97 

,850 

1.4 

9, 266 

4.6 

25,580  ' 

7.8 

48, 940 

15.0 

101 

,500 

1.5 

9,650 

4.7 

26,310  ^ 

7.9 

49, 670 

15. 5 

1 

105 

,150 

l.ti 

10,046 

4.8 

27, 040 

8.0 

50;  400 

16.0 

108 

,800 

1.7 

10,444 

4.9 

27,  770 

8.1 

51, 130 

'       16. 5 

112 

,450 

1.8 

1 

10,844 

5.0 

28,  500  1 

8.2 

51,860 

i       17.0 

116 

,100 

1.9 

11,246 

5.1 

29,230  1 

8.3 

52, 590 

17.5 

119 

,750 

1         2.0 

11,650 

5.2 

29,960  , 

8.4 

53, 320 

18.0 

123, 

,400 

2.1 

1 

12,056 

5.3 

30, 690 

8.5 

54,050 

1       18. 5 

127, 

,050 

*>  2 

12,464 

5.4 

31,420  ' 

8.6 

54,780 

19.0 

1 

130, 

,700 

9      Q 

12,874  1 

5.5 

32, 150  ' 

8.7 

55,510 

19. 5 

134, 

,  350 

•>  4 

13,286 

5.6 

32,  880 

8.8 

56,240 

20.0 

138, 

000 

2.  5 

13,700 

5.7 

33,610 

8.9 

56,  970 

20.5 

HI, 

650 

2.<) 

14,12(> 

5.8 

1 

34,  340 

9.0 

57,  700  ' 

21.0 

145, 

300 

2.7 

14,562  1 

5.9 

35,070  1 

9.1 

58, 430 

21.5 

148, 

950 

2.8 

j 

15, 008 

'         6.0 

as,  800  1 

9.2 

59,  160 

22.0 

152, 

,600 

1         2.9 

15, 464 

1 

6.1 

36, 530 

9.3 

59, 890 

22.5 

15(5, 

,250 

3.0 

15,930  ! 

6.2 

37,260  ' 

9.4 

60, 620 

,      23. 0 

159 

,900 

3.1 

16,410 

(J.  3 

37, 990 

9.  5 

61,350 

23.5 

163. 

,550 

'         3. 2 

16,900 

6.4 

38, 720 

9.6 

62, 080 

24.0 

167 

,200 

3.  3 

17,400  ' 

6.5 

39,450  1 

9.7 

62, 810 

24,6 

1 

171.680 

1         3.4 

1 7, 920  ^ 

6.6 

40, 180 

9.8 

63, 540 

3.  5 

'       18,460 

6.7 

40, 910 

'        9.9 

64,  270 

1 

3.<> 

19,000 

6.8 

41,640  ' 

10.0 

65,000 

_ 

_  ._ 

_ 

1 

HAL1-] 


TENNESSEK    RIVER    AND   TRIBUTARIES. 
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Rating  table  fur  Ttiuw^^see  Rivfr  at  CfiatiamxH/a,  Teun.^  for  ISUif  ami  ltHK>. 


height. 

DiK>haiK<-^ 

1 

Scfondr/eet, 

Ga«e 
height. 

1 

.   DiiM'hnrgt'- 

1 

height. 
Ffft. 

1  DiM'hargt'- 

Gngo 
height. 

Frrt. 

DiM'harge. 

F*rt, 

Fart. 

Scrttrtd-fft't. 

Stntmt-/*  f  t. 

0.8 

6,600  , 

4.8 

25,  760 

8.8 

50,  5(»0 

12.8 

75,  'M'rO 

.9 

6,950 

4.9 

26 

,380 

8.9 

'       51,180 

12.9 

75, 980 

l.O 

7,300  ' 

5.0 

27 

,000 

9.0 

51,8(X) 

13.0 

76,600 

1.1 

7,670 

1 

5.1 

27 

,620 

9.1 

52, 420 

13.1 

77,  220 

1.2 

8,040 

5.2 
5.3 

28 

,240 

9.2 

53, 040 

13.2 

77, 840 

1.3 

8,430 

28 

,860 

9.3 

53,  r><io 

13.3 

78, 460 

1.4 

8,820  1 

5.4 

29 

,480 

9.4 

54,  280 

13.4 

79,  080 

1.5 

9, 220 

5.5 

30 

,100 

9.5 

54,  JKK) 

13.5 

79,  7(H) 

1.6 

9,620 

5.6 

'M) 

,720 

9.6 

'       55, 520 

i:i6  , 

80, 320 

1.7 

10,020  1 

5.7 

31 

,340  , 

9.7 

56,  140 

13.  7 

80,  tMO 

1.8 

10,430 

5.8 

31 

,960 

9.8 

m,  760 

13.8 

8K5(K) 

1.9 

10,840 

5.9 

32 

,580 

9.9 

57, 380 

13.9  , 

82,  180 

2.0 

11,250 

6.0 

3:^ 

,200 

10.0 

1 

58,  000 

14.0 

82,  800 

2.1 

11,660 

6.1 

33 

,820 

'       10.1 

58, 620 

14.1   i 

83, 420 

2.2 

12,080 

6.2 

•J4 

,440 

1       10.2 

59, 240 

14.2  ' 

84, 040 

2.3 

12,500 

6.3 

35 

,060 

■       10. 3 

1 

59, 860 

14.  3  1 

84,660 

2.4 

12,930 

6.4 

.35, 

,680 

1       10. 4 

1       ()0, 480 

14.4  i 

85,  280 

2.5 

13,360  ' 

6.5 

36 

,300 

10. 5 

61, 1(K) 

14.  5  ' 

85,  900 

2.6 

13,800 

6.6 

36 

,920  , 

10.  6 

'       61,720 

14.6 

8<%  520 

2.7 

14,240 

6.7 

1 

37 

,540 

10.7 

r>2, 340 

14.7 

87, 140 

2.8 

14,680 

1         6.8 

:w. 

,  UK) 

10.8 

62,  mJO 

;        14.8 

87,  7(K) 

2.9 

15, 140 

6.9 

38, 

,780 

10.9 

'       ()3, 580 

14.9  ' 

88,  380 

3.0 

15,  600  ' 

1         '-^ 

39 

,400 

11.0 

(i4,200 

15.0 

89,  (MK) 

3.1 

16,  OhO 

1 

7.1 

40 

,020 

11. 1 

,       (54, 820 

15.1   , 

89,  (520 

3.2 

16,550 

1         '•' 

40, 

,640 

11.2 

(>5, 440 

15.2  1 

90,  240 

3.3 

17,a50  1 

7.3 

41. 

,260 

11.3 

1 

(56,060 

1        15.3 

90,8<50 

3.4 

17,550  1 

7.4 

•41 

,880 

11.4 

66,680 

15.4  ' 

91,480 

3.5 

18,a50 

'        7.5 

42 

,500 

1       11.5 

67,  300 

15.5  , 

92, 100 

3.6 

18, 550 ; 

7.6 

43: 

,120 

'         1 

11.6 

67, 920 

15.6 

92,  720 

3.7 

19,a50 

!        7.7 

43 

,740 

11.7 

(>8,  540 

lo.  /    1 

93,  340 

3.8 

19,600 

7.8 

44, 

,360  1 

11.8 

69,160 

15.8 

93, 960 

3.9 

20,200 

7.9 

44, 

,980 

11.9 

69,  780 

,       15.9 

94,580 

4.0 

20,800 

8.0 

45, 

,600 

12.0 

70,400 

1(5.0 

95, 200 

4.1 

21,420 

8.1 

46, 

,220  1 

12.1 

71,020 

Kxl  1 

95, 820 

4.2 

22,  (MO 

8.2 

46, 

,840 

12.  2 

71,640 

16.2  ' 

96,440 

4.3 

22,660  1 

8.3 

47, 

460 

1 

12,3 

72,  260 

1(5.  3  ' 

1 

97,060 

4.4 

23,280 

8.4 

48, 

080 

12.4 

72, 880 

16.4  1 

97, 680     ' 

4.5 

23,900  1 

8.5 

48, 

700 

12.5 

73,500 

16.5 

98, 300 

4.6 

24,520 

8.6 

49, 

,320 

12.6 

74, 120 

16.6 

98, 920 

4.7 

25,140 

8.7 

*  49, 

940 

12.7 

74, 740 

16.7 

99,540 
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WATER   POWERS    OF    ALABAMA. 


[no.  iOT. 


Hatliuj  tMe  for  Tennessee  River  at  ChatUmooga  Tenn.^  for  1899  and  1900 — Contuiue<i. 


(iage 
height. 

Diwharge. 
Secrmd'/eet. 

Gage 
height. 

Diwhurgo. 

Gage 
height. 

DifHtharge. 
Scftmd-fcct. 

Gage 
height. 

Ditichaixi'- 

FvfL 

Feet. 

Feet. 

FM. 

SecoMl/rrt 

16.8 

100,160 

20.8 

124,960 

24.8 

149,  760 

28.8 

174,560 

1«.9 

100, 

,780 

20.9 

125,580 

1 

24.9 

150,380 

28.9 

175,180 

17.0 

101, 

,400 

1       21.0 

126,200 

25.  0 

151,000  1 

29.0 

175,800 

17.1 

102, 

,020 

21.1 

126,820 

25.1 

151,620 

29.1 

176.420 

17.  2 

102 

()40 

,       21.2 

127,440 

25.2 

152,240  ' 

29.2 

177,040 

17.  :^ 

103 

,260 

21.3 

128,060 

25. 3 

152,860 

29.3 

177, 6  0 

17.4 

103, 

,880 

'       21.4 

128,680 

25.4 

153,  480 

29.4 

178,280 

17.5 

104, 

,500 

21.5 

129,  :^K) 

25.5 

154, 100 

29.5 

178,900 

17.6 

105 

,120 

21.6 

129,920  1 

25.6 

154,  720  : 

29.6 

179.520 

17.7 

105, 

,740 

21.7 

130,540 

25.7 

155, 340 

29.7 

180,140 

17.8 

106 

,360 

21.8 

131, 160 

25.8 

155,960 

29.8 

180,760 

17.9 

106, 

,980 

21.9 

131,780 

25.9 

156,580  1 

29.9 

181,380 

18.0 

107 

,600 

22.0 

132,400 

26.0 

157, 200 

1 

30.0 

183,000 

18.1 

108 

,220 

22.1 

133, 020 

26.1 

157, 820 

30.1 

182, 620 

18.2 

108 

,840 

22.2 

133,640  1 

26.2 

158, 440 

30.2 

183,240 

18.3 

109 

,460 

I       22. 3 

134,260 

26.3 

159,060  , 

30.3 

183, 8S0 

18.4 

110 

,080 

22.4 

1 

134,880 

26.4 

159, 680 

30.4 

184,480 

18.5 

110 

,700 

22.5 

135,500 

26.5 

160,300 

30.5 

185, 100 

18.6 

111 

,320 

22.6 

136, 120  1 

26.6 

160, 920 

30.6 

185,  720 

18.7 

111 

,940 

1      22.7 

136,740 

26.7 

161,540  , 

30.7 

186,340 

18.8 

112 

,560 

22.8 

137,360 

26.8 

162, 160 

30.8 

186,960 

18.9 

113 

,180 

22.9 

137,980 

26.9 

162,780 

30.9 

187,580 

19.0 

113 

,800 

23.0 

138, 600 

27.0 

16:^,400 

31.0 

188,200 

19.1 

114 

,420 

'      23. 1 

139, 220 

27.1 

164,020 

31.1 

188,820 

19.2 

115 

,040 

23.2 

139,840 

27.2 

164,640 

31.2 

189,440 

19.  ;^ 

115 

,660 

23.  3 

140, 460 

27.3 

165,260 

31.3 

190,060 

19.4 

116 

,280 

'       23. 4 

141,080 

27.4 

165, 880 

31.4 

190,680 

19.5 

116 

,900 

,       23. 5 

1 

141,700 

27.5 

166,500 

31.5 

191,300 

19.6 

117 

,  520 

23. 6 

142,320 

27.  6 

167,120 

31.6 

191,920 

19.7 

118 

,140 

23.7 

142,940  1 

27.7 

167,740 

31.7 

192,540 

19.8 

118 

,760 

23.8 

143, 560 

27.8 

168,360 

31.8 

193, 160 

19.9 

119 

,380 

23.  9 

144, 180  , 

27.9 

168,980 

31.9 

193,  780 

20.0 

120 

,000 

24.0 

144,800 

28.0 

169,  (JOO  1 

32.0 

194,400 

20.1 

120 

,620 

24.1 

145,420  ' 

28.1 

170,220 

32.1 

195, 020 

20.2 

121 

,240 

'       24.2 

146, 040 

28.2 

170,840 

32.2 

ia5,640 

20.3 

121, 

,860 

'      24.3 

146,660 

28.3 

171,460 

32.3 

196,260 

20.4 

122, 

,480 

24.4 

147,280  1 

28.4 

1 72, 080 

32.4 

196,880 

20.5 

123 

,100 

24.5 

147,900 

28.5 

172,700 

32.5 

197, 500 

20.6 

123 

,720 

24.6 

148,520  ; 

28.6 

173,320 

32.6 

198, 120 

20.7 

124, 

,340 

1       24.7 

1 

1 

149, 140  1 

28.7 

173,940 

32.7 

198,  740 

aALi^l 


TENNESSEE   RIVER   AND   TRIBUTARIES. 


1U3 


Raiitig  iafde  fur  Tennessee  River  at  ChaUanooffa,  TWin.,  for  lStt9  atid  J 900 — Continued. 


Discharge. 

Gafre 
height 

Diachaige. 
Second-/eel. 

hdlg&. 
Feet. 

Diacharge. 

(jttge 
heiglit. 

Dim'harge. 
Second'/nrt. 

Fket. 

SeeondrfeeL 

'      fM. 

iiecond-feet. 

1 

Feet. 

S2.% 

199,360 

34.7 

211, 140  1 

36.6 

222,920 

38.5 

2:w,  700 

32.9 

199,980 

34.8 

211,  760 

36.7 

223,540 

38.6 

235,320 

33.0 

200,600 

34.9 

212,380  , 

36.8 

224, 160 

38.7 

235,940 

33.1 

201,220 

35.0 

213,000 

36.9 

224,  780 

38.8 

236,560    1 

33.2 

201,840 

35.1 

1 

213, 620 

37.0 

225,400 

38.9 

237,180 

33.3 

202,460 

35.2  I 

214,240 

37.1 

226, 020  ! 

39.0 

237,800 

33.4 

203,080 

35.3 

214,860 

37.2 

226,640  1 

39.1 

238,420 

33.5 

203,700 

1      35.4 

215, 480 

37.3 

227,260 

39.2 

239, 040 

33.6 

204,320 

1      35.5 

216, 100 

37.4 

227,880 

39.3 

239,660     , 

33.7 

,    204,940 

35.6 

1 

216,720 

37.5 

228,500  1 

39. 4     240, 280 

1         * 

33.8 

:    205,560 

1 

35.7 

217,340 

37.6 

229,120 

39. 5     240, 900 

33.9 

'    206,180 

35.8 

217,960  ' 

37.7 

229,740 

39.6  !  241,520    ' 

34.0 

206,800 

35.9 

218, 580 

37.8 

230,360  1 

39.7 

242, 140 

34.1 

[    207,420  ■ 

36.0 

219,200 

37.9 

230,980 

39.8 

242,  760 

34.2 

208,040 

36.1 

219,820 

38.0 

231,600 

39.9 

243,  ;«o    i 

34.3 

208,660 

36.2 

220,440 

38.1 

232, 220  1 

40.0 

244,000     ' 

34.4 

209,280 

36.3 

221,060 

38.2 

232,840 

34.5 

209,900 

36.4 

221,680 

38.3 

233,460  , 

:«.6 

210, 520 

36.5 

222,300 

38.4 

234,080 

Hating  tah 

lefor  Tem 

lessee  Hirer 

at  CluUla} 

looga^  Tnm, 

,  /or  190  J 

r. 

height. 

Dlflchaige. 

; 

Oaxe 
height. 

1 

Discharge. 

Oage 
height. 

1 
DLwharge.  { 

Gaffe 
height. 

Discharge. 

Fott. 

Sfcondr/eet. 

1 

Secondrfeet. 

Feet, 

Seomd'frel. 

Feet. 

Second-feet. 

2.0 

11,250 

3.4 

17,550 

4.8 

25,760 

6.2 

34,500 

2.1 

11,660 

3.5 

18,050 

4.9 

26,380  ! 

1 

6.3 

1 

35, 150 

!         2. 2 

t       12,080 

3.6 

18,550 

5.0 

27,000 

6. 4       35, 800 

2.3 

12,500 

3.7 

19,a50 

5.1 

27,620  1 

'         6.5  '     36,450 

1 

2.4 

12, 930 

3.8 

19,600 

5.2 

1      28,240 

6.  6  ;     37, 100 

2.5 

13,360 

1        3.9 

20,200 

5.3 

28,860  ' 

6.  7  1    37, 750 

2.6 

13,800 

4.0 

1 

20,800 

5.4 

29,480  1 

1 

6.  8  .     38, 400 

2.7 

14, 240 

4.1 

21, 420 

5.5 

30, 100  . 

6.  9       39, 050 

1                1        ' 

2.8 

14,680 

4.2 

22,040 

5.6 

'       30, 720 

1         7.0  j     39,700 

2.9 

15, 140 

4.3 

22,660 

5.7 

31,340 

1        7.1   1     40,350 

3.0 

15,600 

4.4 

23,280 

1        5.8 

31,960 

7.2       41,000 

3.1 

16,080 

4.5 

23,900 

5.9 

'      32, 580 

7.3  i     41,650 

3.2 

1 

16,550 

'        4.6 

24, 520 

1        6.0 

33,200 

7.4  ,    42,300 

3.3 

17,050 

1 

4.7 
-13 

25,140 

'        6.1 

33,850 

1        7.5 

1 

42,950 

1 

IBB 

107—04 

1V)4 


WATER   POWERS   OF   ALABAMA. 


[NO.  107. 


Rating  table  for  Tennessee  River  at  Chattanooga, 

Tenn,y  for  1 
DiBchaige. 

Wi— Cob 

itinaed. 

Qage 
heiiht. 

DischaiKe. 

Gmc 
height. 

'      Feel. 

Discharge. 

1     Gage 
'   height. 

Oage 
height. 

Dischaisre, 
Second-feet, 

Fi-d. 

Secondr/eet. 

Secondr/eet. 

F^et. 

SecoTidr/eel. 

1 

Fret 

1 

7.6 

43,600 

'       11.7 

70,250 

15.8 

1 

96,900 

19.9 

1 

123,550 

7.7 

44,250 

11.8 

70,900 

15.9 

97,550 

20.0 

124,200 

7.8 

44,900 

11.9 

71,550 

16.0 

98,200 

20.1 

124, 860 

7.9 

45,550 

12.0 

72,200 

16.1 

98,850 

20.2 

126,600 

8.0 

46,200 

12.1 

72,860 

16.2 

99,500 

20.3 

126,160 

8.1 

46,850 

12.2 

73, 500 

16.3 

100,150 

20.4 

126,800 

8.2 

47,500 

12.3 

74,160 

16.4 

100,800 

20.5 

127,460 

8.3 

48,150 

12.4 

74,800 

16.6 

101, 450 

20.6 

128,100 

8.4 

48,800 

12.6 

75,460 

16.6 

102,100 

20.7 

128, 750 

8.5 

49,450 

12.6 

76,100 

16.7 

102,  750 

20.8 

129,400 

8.6 

50,100 

12.7 

76,750 

16.8 

103,400 

20.9 

130,050 

8.7 

50,750 

12.8 

77,400 

16.9 

104,050 

21.0 

130,700 

8.8 

51,400 

12.9 

78,050 

17.0 

104.700 

21.1 

131, 360 

8.9 

52,060 

13.0 

78,700 

1       17.1 

105,350 

21.2 

132,000 

9.0 

52,700 

13.1 

79,350 

1       17.2 

106,000 

21.3 

132,650 

9.1 

53,350 

13.2 

80,000 

'       17.3 

106,660 

21.4 

13.3,300 

9.2 

64,000 

13.3 

80,650 

17.4 

1 

107,300 

21.6 

133,950 

9.3 

54,650 

13.4 

81,300 

17.6 

107, 960 

21.6 

134,600 

9.4 

56,300 

13.5 

81,950 

17.6 

108,600 

21.7 

136,  250 

9.5 

55, 950 

13.6 

82,600 

17.7 

109,250 

21.8 

136,900 

9.6 

56,600 

13.7 

83,250 

17.8 

109,900 

21.9 

136,560 

9.7 

57,250 

13.8 

83,900 

1      17.9 

110,550 

22.0 

137,200 

9.8 

67,9a) 

13.9 

84,550 

,      18.0 

111,200 

22.1 

137,850 

9.9 

68,650 

14.0 

85,200 

18.1 

111,860 

22.2 

138,500 

10.0 

-     59,200 

14.1 

86,860 

18.2 

112,500 

22.3 

139,160 

10.1 

59,850 

14.2 

86,500 

18.3 

113, 150 

22.4 

139,800 

10.2 

60,500 

14.3 

87, 160 

,       18.4 

113,800 

22.6 

140,450 

10.3 

61,150 

14.4 

87,800 

1       18.6 

114,460 

22.6 

141, 100 

10.4 

61,800 

14.6 

88,460 

i       18.6 

116, 100 

22.7 

141, 750 

10.5 

62,460 

14.6 

89,100 

'       18.7 

116,750 

22.8 

142,400 

10.6 

63,100 

,       14.7 

89,  760 

'       18.8 

1 

116, 400 

22.9 

143,050 

10.7 

as,  760 

!       14.8 

90,400 

18.9 

117,050 

23.0 

143,  700 

10.8 

64,400 

14.9 

91,060 

'       19.0 

117,700 

23.1 

144,360 

10.9 

66, 060 

16.0 

91,700 

19.1 

1 

118,350 

23.2 

146,000 

11.0 

66,  7(X) 

16.1 

92, 360 

,       19.2 

119,000 

23.3 

146,660 

11.1 

66,360 

15.2 

93,000 

19.3 

119,650 

23.4 

146,300 

11.2 

67,000 

15.3 

1 

93,660 

19.4 

120,300 

23.6 

146,950 

11.3 

67,660 

16.4 

94,300 

19.  6 

120,950 

23.6 

147,600 

11.4 

68,300 

16.  6 

94,950 

;       19.6 

121,600 

23.7 

148,250 

11.5 

68',  960 

15.6 

95,600 

,       19.7 

122,250 

23.8 

148,900 

11.6 

69,600 

;       16. 7 

1 

96,250 

!       19. 8 

122,900 

23.9 

149,550 

KALL.] 


TENN£8S££   BIVKR   AND   TBIBUTAKIKS. 


195 


RiMiing  Uthiefm-  Tennessee  River  ai  Chattanooga,  Term.,  for  1901 — (V)ntinue<l. 


bei^rht.   | 

DiMt'hurge. 

height. 

Diflchaxge. 

heigSft. 

Diiich«rge. 

(iHge 
height. 

I>iflc  barge. 

Ffrl. 

Seamdrfed. 

Feet. 

Second-fett. 

Fret. 

Strtmd'/eet. 

»«<. 

HtCfrnd-Jeet. 

^.0 

150,200  ' 

28.1 

176,850 

1 

32.2 

203,500 

36.3 

230,160 

24.1 

150,850  ; 

28.2 

1     177 

,500 

32.3 

2(H,  150 

36.4 

230,800 

24.2 

151,500 

28.3 

178 

,150  , 

1      32.4 

204,800 

36.5 

231,460 

24.3 

152, 150  i 

28.4 

1     178, 

,800 

'       32. 5 

205,450 

36.6 

232,100 

24.4 

152,800  , 

28.5 

179 

,460  1 

32.6 

206,100 

<      36.7 

232,760 

24. 5 

153,450 

28.6 

1 

180 

,100 

,      32.7 

206,750 

36.8 

233,400 

24.6 

154,100 

28.7 

180 

,750  ' 

32.8 

207,400 

36.9 

234,050 

24.7 

154, 750 

28.8 

181 

,400  ' 

32.9 

208,050 

37.0 

234,700 

24.8 

155,400 

28.9 

182 

,050  ' 

33.0 

208,700 

37.1 

236,350 

24.9 

156,050 

29.0 

182 

,700 

.      33.1 

209,350 

37.2 

236,000    1 

25.0 

156,700 

29.1 

183. 

,350 

33.2 

210,000 

37.3 

236,650 

25.1 

157,350 

29.2 

184 

,000 

'      33.3 

210,650 

!      37. 4 

237,300 

25.2 

158,000 

29.3 

184 

,650  1 

33.4 

211,300 

37.5 

237,950 

25.3 

158,650 

29.4 

185 

,300 

33.5 

211,950 

37.6 

238,600 

25.4 

159,300 

29.5 

185, 

,950 

33.6 

212,600 

1      37.7 

239,250 

25.5 

159,950 

29.6 

186, 

,600 

33.7 

213,250 

37.8 

239,900 

25.6 

160,600 

1 

29.7 

187 

,250 

33.8 

213,900 

37.9 

240,550 

25.7 

161,250 

29.8 

187, 

,900 

33.9 

214,550 

38.0 

241,200 

25.8 

161,900 

29.9 

188 

,550 

34.0 

215,200 

38.1 

241, 850 

25.9 

162,550 

30.0 

189, 

,200 

34.1 

215, 850 

38.2 

242, 500 

26.0 

163,200 

30.1 

189, 

,850  ! 

34.2 

216,500 

38.3 

243,160 

26.1 

163,850 

30.2 

190, 

,500  i 

1 

34.3 

217, 150 

38.4 

243,800 

26.2 

164,500 

30.3 

191 

150  1 

34.4 

217,800 

38.5 

244,450 

26.3 

165,150 

30.4 

191, 

,800 

34.5 

218.460 

•      38.6 

246,100 

26.4 

165,800  ' 

30.5 

192, 

,460 

34.6 

219, 100 

38.7 

245,760 

28.5 

166,450 

30.6 

193, 

,100 

34.7 

219,  750 

38.8 

246,400 

26.6 

167, 100 

30.7 

193, 

,750 

34.8 

220, 400 

38.9 

247,050 

26.7 

167, 750  1 

30.8 

194, 

,400 

34.9 

221,050    ' 

39.0 

247,  700 

26.8 

168,400 

30.9 

195, 

,050 

35. 0 

221,700     . 

39.1 

248,350 

26.9 

169,050 

31.0 

195, 

700  ' 

:i5. 1 

222,350 

39.2 

249,000 

27.0 

169, 700 

31.1 

196, 

,350 

35.2 

223,000 

39.3 

249, 650 

27.1 

170, 350 

31.2 

197, 

,000 

a5.  3 

223,  a50     ' 

39.4 

250,300 

27.2 

171,000 

31.3 

197, 

,650  ; 

35.4 

224,;S00    1 

39.5 

250,960 

1      27.3 

171,650 

31.4 

198, 

,300  , 

35.5 

224,950    ; 

39.6 

251,600 

27.4 

172,300 

31.5 

198, 

950  t 

35.6 

225,600 

39.7 

252,  250 

27.5 

172,950  1 

31.6 

199, 

600 

35.7 

226,250 

'       39.8 

252,900 

27.6 

173, 600 

31.  7 

200, 

250  ' 

35.8 

226,900    ! 

39.9 

253, 550 

27.7 

174,250 

31.8 

200, 

900  ' 

35.9 

227,550 

40.0 

254,200 

27.8 

174,900 

31.9 

201, 

550  , 

1 

36.0 

228,200 

27.9 

175, 650 

32.0 

202, 

200 

36.1 

228, 850 

28.0 

176,200 

32.1 

202, 

850  ' 

36.2 

229,500 
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WATER    POWERS    OF    ALABAMA. 


[no.  107. 


Ratinfj  table  for  Tennessee  River  at  Chattanoogaj  Tenn,,  for  1902. 


1 

Gage 
height. 

1 
Discharge. 

Second'/eet.  ' 

Gage 
height. 

1 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

t      Feet. 

Feet. 

Seoondrfeet. 

Feet. 

Second-fed. 

1.2 

8,040 

5.2 

28,  240 

14.0 

85,200 

24.0 

150,200 

1.4 

8,820 

5.4 

29,480 

14.  5 

88,450 

24.5 

163,460     ■ 

1.6 

9,620 

5.6 

30,720 

15.0 

91,  700 

26.0 

156,700 

1.8 

10,430  ', 

5.8 

31,960 

15.5 

94,960 

26.6 

169, 950     ; 

2.0 

11,250 

'         1 

6.0 

33,200 

16.0 

98,200 

26.0 

163,200 

2.2 

12,080 

6.5 

36,450 

•   16.5 

101.460 

27.0 

169,700     : 

2.4 

12,930 

7.0 

39,700 

17.0 

104,700 

28.0 

176,200 

2.6 

13,800 

7.5 

42, 950 

17.5 

107, 950 

29.0 

182, 700 

2.8 

14, 680 

8.0 

46,200 

18.0 

111,200 

30.0 

189,200 

3.0 

15,600 

8.5 

49, 450 

18.5 

114,450 

31.0 

196,700 

3.2 

16,550 

9.0 

52,700 

19.0 

117, 700 

32.0 

202,200 

3.4 

17,550 

9.5 

55,960 

19.5 

120,950 

33.0 

208,700 

3.6 

18, 550 

10.0 

59,200 

20.0 

124,200 

34.0 

216, 200     ; 

3.8 

19,600 

10.5 

62,450 

'       20.5 

127,450 

36.0 

221, 700 

4.0 

20,800 

11.0 

65,700 

1      21.0 

130, 700 

36.0 

228,200 

4.2 

22, 040 

11.6 

68,950 

21.5 

133,960 

37.0 

234,700 

4.4 

23,280 

12.0 

72,200 

22.0 

137, 200 

1      38.0 

241,200 

4.6 

24, 520 

12.5 

75, 450 

22.5 

140,460 

!      39.0 

1 

247,700 

4.8 

25, 760 

13.0 

78,700 

23.0 

143, 700 

40.0 

264,200 

5.0 

27,000 

13.5 

81, 950 

23.5 

146,960 

1 

Rating  tab 

lefor  Ten 

nessee  River 

at  Chattai 

loogof  Term 

.^  for  1901 

r. 

Gage 
height. 

Fed. 

Discharge. 

'     Gage 
1   height. 

1 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

DlBchaiige. 

Second-feet. 

,      Feet. 

Second-feet. 

Feet. 

Secondrfeet. 

Feet. 

Second-fed. 

0.60 

6,100 

2.20 

12,790 

3.80 

20,660 

6.40 

29,600 

.70 

6,490 

2.30 

13, 240 

3.90 

21,090 

6.60 

30,210 

.80 

6,880 

,     2.40 

13,  700 

4.00 

21,620 

5.60 

30,820 

.90 

7,280 

2.50 

14,160 

4.10 

22,160 

5.70 

31,430 

1.00 

7,680 

2.60 

14,620 

4.20 

22,700 

!    6.80 

32,050    i 

1.10 

8,080 

2.70 

15,090 

4.30 

23,250 

'    5.90 

32, 670 

1.20 

8,490 

2.80 

15,660 

4.40 

23,800 

6.00 

33,290 

1.30 

8,900 

2.90 

16,040 

4.50 

24, 360 

6.10 

33,920 

1.40 

9,320 

3.00 

16, 520 

4.60 

24,920 

6.20 

34,660 

1.50 

9,740 

3.10 

17,010     , 

4.70 

25,490 

6.30 

35,180 

'     1.60 

10,160 

3.20 

17,500 

'     4.80 

26,060 

6.40 

36,820 

;     1. 70 

10,590 

3.  30 

18,000 

4.90 

26,640 

6.60 

36,460 

1     1.80 

11,020 

3.40 

18,500 

'    5.00 

27,220 

6.60 

37,100 

1.90 

11,460 

.3.50 

19, 010 

;  5.10 

27, 810 

,     6.70 

37,760 

2.00 

,     11,900 

3.60 

19, 520 

5.20 

28,400 

1 

2.10 

12,  340 

3.70 

20,040 

5.30 

1 

29,000 

1 

1 
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EetimaUd  monthly  ducharge  of  Tenntnet  Bivtr  at  ChatUmoogtty  Trnn. 

[Drainage  area,  21,382  square  miles.] 


Month. 


1880. 


Janoary  . 
Febmarv 


April 

Mav 

Jime 

Jnly 

Angost 

September 

October 

November 

December 

The  vear  . . . 

1891. 

Janojuy 

Febmarv 

March 

April 

ilay 

Jane 

July 

August 

September 

October 

November 

December 

The  year  . . . 


DischarKe  in  second-feet. 

Run- 

Hecond-feet 

per  square 

mile. 

off. 

Maximum. 

Minimum. 

Mean. 

Depth  in 
inches. 

78, 470 

30,150 

42,  749 

2.00 

2.31 

:i06,060 

44,191 

76,081 

3.66 

3.72 

445,120 

52,906 

129,093 

6.03 

6.96 

121,464 

43,029 

64,855 

3.03 

3.38 

72, 079 

41,286 

51,200 

2.^39 

2.76 

41,286 

23,400 

29,102 

1.36 

1.52 

47, 677 

19,500 

27,036 

1.26 

1.45 

46,515 

21,100 

30,881 

1.44 

1.66 

47,096 

22,200 

27,843 

1.30 

1.45 

58,135 

25,950 

37,982 

1.77 

2.04 

42,448 

20,700 

26,394 

1.23 

1.37 

77,889 

20,400 

36,088 
48,275 

1.69 
2.26 

'  1.95 

445,120 

19,500 

30.57 

92,995 

39,543 

59,484 

2.78 

3.21 

356,120 

59, 878 

154,822 

7.23 

7.53 

381,040 

63,364 

135,160 

6.32 

7.30 

97,6^3 

38,962 

61,873 

2.89 

3.22 

37, 219 

26,380 

30,215 

1.41 

1.63 

47,096 

26,840 

36,276 

1.70 

1.90 

36,057 

21,800 

26,429 

1.24 

1.43 

98,224 

23,000 

40,402 

1.89 

2.18 

36,638 

19,200 

25,777 

1.20 

1.34 

19,200 

17,910 

18,461 

.86 

.99 

41,867 

17,440 

23,510 

1.10 

1.23 

66,269 

22,200 

39,299 

1.84 
2.54 

2.12 

381,040 

17,440 

54,:^09 

34.08 
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WATICU  POWERS   OF    ALABAMA. 


[NO.  107. 


EdimcUed  monthly  discharge  of  Tennessee  River  al  Chattanooga,  Tenn. — C5ontiime<l 


Month. 


Dischaiigre  in  seoond-feet. 


Maximum. 


1892. 

January 363,240 

February 69, 765 

March 64, 526 

April 299,160 

May I  53,487 

June I  56,972 


July  ..... 

August 

September 
October  .. 
November 
December  . 


The  year 


1893. 


January  . . 
February . 

March 

April 

May 

June 

July 

August . . . 
September 
October  .. 
November 
December  , 


71,498 
31,680 
29,660 
19,800 
43,610 
56,972 


363,240 


The  year 


44,191 

283,140 

72,660 

73, 241 

224,400 

123, 207 

34,895 

33,152 

76, 727 

58,  716 

31,160 

30,640 

283,140 


Minimum. 


41,286 
33,733 
31,680 
40,705 
31,160 
28,680 
26,380 
21,800 
17,660 
17,220 
17,220 
21,450 


17,220 


22,600 
38,381 
36, 057 
31,160 
30,150 
27. 760 

« 

21,450 
18, 410 
20,750 
18,660 
20,400 
21,100 

18, 410 


Mean. 


103, 453 
46,755 
45,769 

101, 287 
39,772 
43,265 
44,520 
25,121 
21,403 
17,952 
27, 924 
32,  793 


45,835 


26, 812 
105,921 
50,320 
42, 137 
71,525 
49, 679 
25,741 
23, 477 
33,933 
25,550 
22,263 
24,970 

41,861 


Run-off. 


Second-feet 

perBQuare 

mile. 


Depth  in 
inches*. 


4.83 
2.25 
2.14 
4.73 
1.86 
2.02 
2.08 
1.17 
1.00 
.84 
1.30 

1.53  I 

I 

2.15  I 


1.25 
4.95 
2.35 
1.97 
3.34 
2.32 
1.20 

1.10  ! 

1.59 
1.19 
1.04 
1.17 

1.96 


5.57 
2.43 
2.47 
5.27 
2.14 
2.25 
2.40 
1.35 
1.11 
.97 
1.45 
1.76 


29.17 


1.44 
5.15 
2.71 
2.20 
3.85 
2.59 
1.38 
1.27 
1.77 
1.37 
1.16 
1.35 

26.24 


H*LI.  ) 
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Estimaied  monthly  discharge  of  TenneMsee  River  ai  ChaUanooga,  Tenn, — Continued. 


Month. 


Discharge  In  Moond-feet. 


Maximum. 


Minimum. 


Mean. 


1894. 

January  

Febnuury 

March 

April 

May 

June 

Jnlv 

August 

September 

October 

November 

December 

The  vear  . . , 

m 

1895. 

January 

February 

March 

April - 

3dav 

June 

July 

August  

September 

October 

NoTember  ••..... 
December 

The  year..  - 


56,972 

22,600 

151,095 

31,680 

59,297 

33,152 

52,325 

27,300 

44,191 

23,800 

28,680 

19,500 

29,170 

18, 910 

30,150 

18,910 

27,300 

16,560 

20,750 

16,360 

20,400 

16,360 

68,012 

16,780 

151,095 

16,360 

261, 780 
47,096 

134, 827 
78, 470 
58,135 
35,476 
63,364 
38,381 
24,660 
17,000 
20,750 
33,152 


37 

70 

46 

36 

31 

21 

'^^ 
22 

19 

17 

17 

30 


31 


23,400 
24,200 
42,448 
37,219 
34,314 
21,100 
20,750 
21,800 
16,780 
16,360 
t7,220 
17,660 


261,780 


16,360 


76 

:« 

72 
51 
43 
26 
29 
26 
20 
16 
18 
21 

36 


389 
893 
796 
287 
137 
983 
486 
971 
160 
445 
330 
862 


395 


446 
787 
341 
047 
929 
417 
638 
927 
316 
665 
162 
561 

603 


Run-off. 

: 

l8econd-feet 
,  per  ftquATp 
'      mile. 

1 

Depth  In 
InoheM. 

1 

1.75 

2.02 

3.31 

3.45 

2.19 

2.53 

1.70 

1.90 

1.43 

1.68 

1.03 

1.15 

1.14 

1.31 

1.07 

1.23 

.90 

1.00 

.82 

.94 

.81 

.90 

1.44 

1.66 

1.53 

19.77 

3.57 

4.12 

1.67 

1.74 

3.38 

3.90 

2.39 

2.67 

2.a5 

2.37 

1.23 

1.37 

1.39 

1.60 

1.26 

1.45 

.95 

1.05 

.78 

.90 

.85 

.94 

1.01 

1.16 

1.71 


23.27 


200 


WATER  POWERS   OF   ALABAMA. 


[no.  107. 


Estimaied  monthly  discharge  of  Tennessee  River  at  Chattanooga^  Tenn. — Continuetl. 


Month. 


1896. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . . 

1897. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

()ctol)er 

Noveml)er 

Pecember 

The  year  . . 


Discharge  in  seoond-feet. 


Maximum. 


50 
85 
95 

409 
29 
43 

130 

34 

18 

1» 
57 

45 


409 


45 

308 

363 

231 

134 

38 

74 

34 

14 

13 

9 

62 


363 


600 
052 
150 
520 
216 
472 
196 
562 
524 
712 
728 
254 


520 


254 
060 
240 
520 
948 
126 
657 
562 
960 
772 
614 
183 


Minimum. 


240 


15,554 

26,840 

22,088 

23,276 

14,366 

17,336 

20,306 

14,960 

9,020 

8,426 

9,020 

16,148 


8,426 


16,148 

19, 712 

52, 976 

36,344 

26,543 

21,494 

21, 791 

14,366 

6,050 

4,268 

6,050 

8,129 


Mean. 


4,268 


26,169 
55,677 
39,257 
87,649 
20,674 
24,365 
55,390 
22,433 
12,346 
11,588 
22,603 
27,951 

33,825 


27, 932 

89,962 

165,448 

81,056 

50,124 

29,107 

34,428 

25,847 

8,951 

7,842 

7,330 

24, 627 


Run-oir. 


Second-feet 

persqnare 

mile. 


46,055 


Depth  in 
inchesi. 


1.22 
2.59 
1.83 
4.09  ! 

.96 
1.14  I 
2.59 
1.05 
.58 
.54 
1.06 
1.31 


1.58 


1.30 

4.20 

7.72 

3.78 

2.34 

1.36 

1.61 

1.21 

.42 

.37 

.34 

1.15 


2.15 


1.41 
2.79 
2.11 
4.56 
1.10 
1.27 
2.99 
1.21 
.64 
.62 
1.18 
1.51 


21.39 


1.50 

4.  .37 

8.90 

4.22 

2.70 

1.52 

1.86 

1.39 

.47 

.43 

.38 

i.as 


29.07 


n\LL' 
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Ettimated  monthly  dischargf  of  Tenuejwfe  River  at  ChaUanuoga,  Tnm, — (VmtinutxI. 


Month. 


1898. 

January 

Febniarv 

March 

April 

May 

June 

Jaly 

Aogosi 

September 

October 

November 

December 

The  year  . . 

1899. 

Janoary 

Febmarv 

March 

April 

May 

June 

Julv 

August 

September 

October 

November 

December 

The  year . . 


Diacbaisre  in  leoond-feet. 


Maximum. 


Minimnm. 


124,860 
47, 116 
88,725 
121,940  ' 
38,720  ' 
32, 515 
49,670  I 
107, 705  I 
174,500  ' 
115,370 
42,005 
35,800 


112,560  ' 
233,150  I 
244,000 
137,360 
65,130  ■ 
35,990 
27,930 
22,040 
15,840 
10,635 
10,635 
41,880 

244,000 


14,344 
16,900 
15,008 
39,085 
17,920 
10,245 
11,853 
20,410 
18,190 
16,900 
20,700 
19,000 


174,500    10,245 


25,450 

30,720 

55,210 

39,710 

22,040 

15,600 

10,430 

8,040 

7,300 

6,600 

6,775 

8,820 


6,600 


Me«n. 


Run-off. 


•  I 

Second-feet  iv„,*«k  in 


35,584 

47,250 

95,554 

142, 700 

69,286 

40,450 

23,088 

15, 053 

11,900 

10, 118 

7,851 

8,216 

22,061 

41, 127 


59,509 

22,994 

24, 774 

60,048  ! 

23.701 

16,396 

20,063 

50,638 

47,349 

44,216 

28,415 

28,909 


2.77 
1.07 
1.11 
2.80 
1.11 
.77 
.94 
2.36 
2.21 
2.06 
1.33 
1.35 

1.66 


2.21 

4.46 

6.66 

3.23 

1.89 

1.08 

.70 

.56 

.47 

.37 

.38 

1.03 


3.20 

1.11 

1.28 

3.12 

1.28 

.85 

1.08 

2.72 

2.46 

2.38 

1.48 

1.56 

1.09 


22.52 

2.65 

4.64 

7.68 

3.59 

2.18 

1.20 

.81 

.64 

.53 

.43 

.43 

1.19 


25. 87 


202 


WATER   POWERS    OF    ALABAMA. 


[NO.  1<*7. 


Estimaled  monthly  discharge  of  Tennessee  River  at  Chattanoogay  Tenn. — Continued. 


Month. 


DiflcbarKe  in  second-feet. 


Maximum. 


1900. 

January 64 

February i  144 

March 103 


April 

May 

June 

July 

August... 
Septemb(»r, 
October  .., 
November . 
December  , 


The  year . . . 

1901. 

January 

February 

March 

April 

May 

June 

July 

August 

Repteml)er 

October 

Noveml)er 

December 


The  year 


70 
34 
53 
50 
34 
25 
42 
92 
63 


144 


189 

59 

139 

166 

205 

72 

37 

207 

61 

25 

13 

237 


237 


280 
800 
880 
400 
440 
040 
870 
440 
140 
500 
720 
040 


800 


200 
860 
150 
450 
450 
200 
100 
400 
150 
760 
800 
300 


Minimum.         Mean 


11,660 
13,360 
42, 810 
32, 820 
15,600 
14,680 
13,360  i 
10,020  ' 
7,300 
8,040 
10,840 
17,050 

7,300 


19,600 
19,060 
19,050 
38,400 
26,380 
33,850 
14,680 
13,800 
22,660 
13,360 
11,660 
12,080 


30 
52 
66 
46 
21 
33 
24 

14 
13 
14 
25 
29 


30 


60 
36 
44 
95 
68 
47 
23 
75 
38 
18 
13 
65 


200  ,   11,660 


48 


807 
077 
020 
819 
086 
295 
674 
602 
393 
230 
138 
001 


928 


641 
516 
952 
080 
736 
673 
932 
761 
859 
979 
076 
509 


Run-off. 


Seoond-feet 

persauare 

mile. 


310 


Depth  in 
inchew. 


1.44 
2.43 
3.08 
5^.19 

.98  i 

1.55 

1.15 

.68 

.63 

.  66 

1.17 

1.36 


2.36 
1.70 
2.10 
4.44 
3.21 
2.23 
1.12 
3.54 
1.81 
.89 
.61 
3.06 

2.26 


1.66 

2.53 

3.55 

2.44 

1.13 

1.73 

1.33 

.78 

.70 

.76 

1.31 

1.56 


1. 44  >       19.  48 


2.72 
1.77 
2.42 
4.95 
3.70 
2.49 
1.29 
4.08 
2.02 
1.03 
.68 
3.53 


30.68 
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Etiimated  monthly  dviriiargf  of  Tennetuiee  Rirrr  at  ("haUamnHja^  Tnm. — (\>iitiiiuo<l. 


Month. 


1902. 


Diachaige  in  aecond-fect. 


Maximum. 


January 259,400 

February 145,000 

March 241,200 

April 196,050 

May , I      54,650 

Johe '      27,000 

July 60,500 

14,680 
18,550 
20,200 
35,150 
.  56,600 


August 

September 
October  ... 
November , 
December 


Theyear 259,400 


1908. 


January . . 
February . 

March 

April 

May 

Jane 

July 

August 

September 
October. .  _ 
November 
December 


The  year 


47,500 

184,650 

196,700 

200,900 

52,700 

69,600 

31,430 

26,640 

10,590 

9,740 

37,100 

25,490 

200,900 


Minimum. 


27,620 

28,240 

41,000 

28,240 

20,800 

15, 600 

10,840 

8,820 

8,040 

8,040 

8,430 

17,550 


21,620 

26,060 

52,700 

54,000 

1^010 

22,160 

12,790 

10,160 

6,100 

6,100 

6,880 

7,280 


Mean. 


70 
60 
108 
54 
28 
19 
22 
10 

11 
13 
13 
33 


8,040    37 


30 
90 
109 
99 
29 
38 
20 
16 

B 
7 

12 
12 


6, 100         39 


Run-off. 


Second-feet 

per  fiuuan> 

mile. 


567 

106 
411 
811 
283  , 
043 
414  ' 
892  I 
376 
260  , 
298 
763  \ 

185 

435 

229  ' 

690 

890 

098 

661 

a55 

818  ' 

337  j 

124  ! 

597 

176  I 

659 


Depth  In 
Inches. 


3.29 

3.79 

2.81 

2.93 

5.06 

5.8:^ 

2.56 

2.86 

1.32 

1 .  52 

.89 

.99 

1.05 

1.21 

.51 

.  59 

.53 

.59 

.62 

.71 

.62 

.69 

1.58 

1.82 

1.74 


23. 53 


1.42 

1.64 

4.21 

4.38 

o.  12 

5.W 

4.66 

5.20 

1.:^ 

1.57 

1.81 

2.02 

.97 

1.12 

.79 

.91 

.39 

.44 

.33 

.38 

.59 

.66 

.57 

.m 

i.a5 


24.88 
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Net  horsepmcir  per  foot  of  faU  with  a  turbine  effidenctj  of  SO  per  cent  for  the  minimum 
monthly  discharge  of  Tennessee  River  cU  ChaUanooffaf  Tenn. 


Month. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November 
December. 


1899. 

1 
Mlni- 

mum 

Dura-                   1 

Mini-          net 

tlon 

Mini- 

mumdifl-J 

hone- 

of 

mum  difl- 

charge. 

power 

mini- 

chargre. 

per  foot  mum. 

of  fall. 

1900. 


Sec.'/l. 

25,460 

30,720 

56,210 

39, 710 

22,040 

15,600 

10,430 

8,040 

7,300 

6,600 

6,775 

8,820 


Days. 

2,314 

2,793 

5,019 

3,610 

2,004 

1,418 

QAA 

731 

3 

664 

1 

600 

3 

616 

2 

802 

2 

Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


Sec.-Jl. 
11,660 
13,360 
42,810 
32, 820 
15,600 
14,680 
13,360 
10,020 
7,300 
8,040 
10,840  ; 
17,050 


1,060 

1,215 

3, 892 

3,075 

1,418 

1,335 

1,215 

911 

664 

731 

985 

1,550 


Dura- 
tion 
of 
mini- 
mum. 


Day$. 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
2 
2 


1901. 


Mini- 
mum dis-  I 
char;^. 


Sec.-ft. 

19,600 

19,050 

19,050 

38,400 

26,380 

33,850 

14,680 

13,800 

22,660 

13,360 

11,660 

12,080 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


Dura- 
tion 
of 
mini- 
mum. 


1,782 
1,732 
1,732 
3,491 
2,398 
3, 077 
1,335 
1,255 
2,060 
1,215 
1,060 
1,098 


Day9. 


1 

1 

4 

1 

1 

1 

3 
o 

1 

2 
1 
1 
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SHOALS  IN  TENNESSEE  RIVER  NEAR  FLORENCE. 

In  Tennessee  River,  in  the  vicinity  of  Florence,  Ala.,  are  several 
shoals  capable  of  the  development  of  jxiwer.  The  compiler  has  brought 
together  the  data  regarding  these,  his  intention  bein^  not  to  discuss 
the  manner  in  which  the  immense  water  power  of  these  shoals  can  lie 
developed,  but  to  give  some  idea  of  its  magnitude  and  the  possibility 
of  its  utilization. 

The  shoals  are  a  succession  of  cascades  amid  many  islands,  in  a  river 
bed  varying  in  width  from  a  half  mile  to  3  miles.  The  numerous 
channels  thus  formed  are  very  irregular  in  fall  and  direction.  The 
difference  between  high  and  low  water  is  only  5  or  6  feet,  correspond- 
ing to  a  rise  of  60  feet  at  Chattanooga.  Beginning  at  Browns  Ferry, 
12  miles  below  Decatur,  Ala.,  the  river  has  the  following  falls: 


Fie.  9.-*Map  showing  shoals  in  Tennessee  River  near  Florence. 


From  Browns  Ferry  to  the  mouth  of  Elk  Kiver  the  fall  is  26  feet  in 
11  miles.  This  is  known  as  Elk  River  Shoals.  Its  most  precipitous 
part  is  at  the  lower  end,  where  there  is  a  fall  of  16.5  feet  in  about  4 
miles. 

From  the  mouth  of  Elk  River  to  the  head  of  Mussel  Shoals,  a  dis- 
tance of  5  miles,  there  is  a  fall  of  onlv  2  feet. 

From  the  head  of  Mussel  Shoals  to  Bainbridge  the  fall  is  85  feet  in 
17  miles,  and  is  known  as  Mussel  Shoals. 

From  Bainbridge  to  Florence  the  fall  is  23  feet  in  7  miles,  and  is 
known  as  Little  Mussel  Shoals. 

From  Florence  to  the  head  of  Colbert  Shoals  the  fall  is  8  feet  in  11 
miles. 
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From  the  head  of  the  Colbert  Shoals  to  Waterloo  the  fall  is  21  feet 
in  6  miles. 

The  total  fall  from  Browns  Ferry  to  Waterloo  is,  therefore,  lt>0 
feet  in  a  distance  of  57  miles.  Sixteen  miles  of  the  distance,  however, 
has  a  fall  of  only  5  feet,  leaving  a  fall  of  156  feet  in  the  41  miles  that 
cover  the  four  shoals  mentioned.  The  shoals  are  really  more  precipi- 
tous than  the  foregoing  figures  would  indicate.  For  instance^  84.  C> 
feet  of  the  fall  at  Mussel  Shoals  is  in  a  distance  of  14  miles. 

The  bed  rock  at  Elk  River  Shoals  is  Carboniferous  limestone;  that 
of  Mussel  Shoals  is  a  hard  siliceous  rock  of  dark  color  and  flinty 
structure. 

Assuming  that  tributaries  entering  the  river  below  Chattanooga 
will  safely  supply  all  of  the  water  needed  for  lockage,  the  discharg-e 
at  Chattanooga  can  be  used  in  estimating  the  water  power  of  these 
shoals,  which  are  about  200  miles  below  Chattanooga, *by  river,  and 
of  which  the  drainage  area  is  more  than  7,000  square  miles  greater 
than  that  at  Chattanooga. 

ICstimated  minimum  net  horsejMWjer  of  Tennessee  River  in  Alabama  on  turbines  realizing 

80  per  cent  of  the  theoretical  power. 


Locality. 


Elk  River  Shoaln . , . 

Mussel  Shoals 

Little  Mussel  Shoals 
Cblbert  Shoals 

Total 


Fall. 


•Minimum  '  ^'i^2»i^. 
net  power  in  ««t^P^^[/" 
driest  yeare.      ^^^^ 


Feet. 

26 

15,600 

85 

51,000 

23 

13,800 

21 

12,600 

30,550 
99, 875 
27,025 
24,  675 


182, 125 


The  foregoing  table  assumes  that  the  total  fall  can  in  each  case  be 
utilized.  While  this  assumption  is  not  correct,  it  stands  as  an  offset 
to  the  assumption  that  the  water  supply  available  will  be  as  low  as  the 
mimimum  discharge  at  Chattanooga,  200  miles  above.  The  drainage 
area  above  Chattanooga  is  21,418  square  miles,  while  the  drainage 
area  above  the  shoals  under  considemtion  is  about  29,000  square  miles. 
It  may  therefore  safely  be  assumed  that  the  actual  power  available  for 
development  at  the  shoals  is  greater  than  that  shown  by  the  table. 

The  foregoing  statements  of  fall  and  distance  are  from  a  report  by 
Mr.  William  B.  Gaw,  chief  assistant  engineer,  U.  S.  Army,  1868,  and 
the  map  and  profile  are  from  drawings  prepared  under  the  direction 
of  Lieut.  Col.  J.  W.  Barlow,  United  States  Engineers,  1890. 
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TRIBUTARIES  OP  TENNESSEE  RIVER. 

Paint  Rock  Creek,  Elk  River,  Shoal  Creek,  Flint  Creek,  Nance 
Ci^ek,  Town  Creek,  and  Big  Bear  Creek  are  all  larj^o  streamn,  and 
most  of  them  have  fine  undeveloped  water  powers.  But  no  surveys 
have  been  made  of  them,  and  no  measurements  of  discharge  so  far. 
There  are  also  many  large  l>old  springs  in  this  basin  that  are  said  to 
have  a  pure  and  unfailing  water  supply,  but  no  report  can  be  made  on 
them  at  this  time. 

^R»eeOanecms  ducharge  measurements  on  streams  that  enter  Tennessee  River  m  Alahamn, 


Diftte. 


Stream. 


1903. 
July    20 

1904. 
Feb.      6 

Do... 
Feb.      4 
Feb.      5 
Feb.      8 
Feb.      9 

Do... 


Big  Spring. 


Big  Spring 

Creek  from  Big  Spring 

Paint  Rock  Creek 

Flint  Creek 

Elk  River 


Ixicality. 


Tu8cumbia 


Tnscumbia  . 

do 

Paint  Rock . 
Brownsboro 


Ppoapect,  Tenn 

Sequatchie  River '  2  miles  from  Jasper,  Tenn 

do 2  miles  northeast  of  Jasper,  Tenn. 


Do...    Battle  Creek 


Near  South  Pittsbui^,  Tenn . 


Dlwharxt*. 
Second-fft  t. 

177 

33 
43 

159 

209 

5,296 

1,91(> 

1,829 

482 
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UTIIilZED  WATER  POWERS. 


The  following  is  a  list  by  counties  of  the  water  powers  that  are 
utilized.  The  most  of  these  powers  are  small,  but  they  make  a  large 
aggregate,  and  thej'^  represent  only  an  insignificant  part  of  the  power 
that  is  capable  of  development. 


Waler  powers  in  Alabamay  by  counties. 
AUTAUGA  COUNTY. 


Name. 


Charity  P.  Cartero 

Montgomery's  mill « 

Public  gristmill « 

Parker's  mill « 

Dawson's  mill « 

Ellis's  mill« 

Long  Leaf  Yellow  Pine 
sawmill. « 

Ray's  sawmill « 

Swift  Creek  Mill  Co.  (Swift 
Creek). « 

JohnH.  Herod« 

Prattville  Cotton  Mills  and 
Banking  Co.  (Autauga 
Creek).« 

Continental  Gin  Co.  (Au- 
tauga Creek).  ^ 

I*rattville  ice  factory  (Au- 
tauga Creek),  c 

Doster  ginnery  (Autauga 
Creek).  ^^ 

G.  H.  Rov^ 


Poet-office. 


Industry. 


Horse- 
power. 


Billingsley Flour  and  grist  mill 

Prattville  ft do 


Billingsley. 
Milton 


do 
.do 


Netezen Lumber  and  timber  mill . 


Jones  Switch 
Autaugaville . 

Jones  Switch 
Autaugaville. 

Netezen 

Prattville . . . . 


Vine  Hill. 


.do 
.do 

.do 
.do 


do 

Cotton  goods. 


15 
30 

9 
20 
20 

4 
15 

10 
70 

6 
200 


Cotton  gin 
Ice  factory 
Cotton  gin 


do 


a  From  U.  B.  Census,  1900. 

^The  water  power  at  PrattTille  was  first  developed  about  1830,  when  it  was  used  by  a  man  named 
May  to  operate  a  small  sawmill.  About  1833  this  water  power  and  the  adjacent  lands  were  pur- 
chased by  Mr.  Daniel  Pratt,  who  then  erected  a  cotton-^n  factory,  which  was  driven  by  the  water 
power.  The  dam  at  that  time  was  about  8  feet  high.  A  number  of  years  after  the  purchase  of  thL«t 
property  by  Mr.  Pratt  he  increased  the  dam  so  that  it  now  has  a  height  of  16  feet,  and  is  built  of 
brick.  At  present  it  is  used  jointly  by  the  Prattville  Cotton  Mills  and  Banking  Company  and  the 
Continental  Gin  Company,  the  former  using  about  256  horsepower  and  the  latter  100  horsepower. 
About  half  a  mile  below  the  dam  above  referred  to  is  another  dam  affording  about  8  feet  head  and 
owned  by  the  M.  E.  Pratt  estate.  This  power  operates  a  gristmill,  cotton  ginnery,  and  ice  factory, 
and  the  water  wheel  at  that  point  has  a  rated  capacity  of  54  horsepower.  About  1  mile  above  the 
dam  of  the  Cotton  Mill  and  Qin  Company  there  was  formerly  another  dam  12  feet  high,  which 
afforded  power  for  a  cotton  mill.  This  mill,  however,  was  burned  a  number  of  years  ago,  and  the 
dam  has  been  allowed  to  go  to  ruin.  It  would  probably  afford  200  horsepower,  or  possibly  a  little 
more,  should  it  be  rebuilt. 

There  is  also  a  dam  about  2  miles  below  Prattville,  known  as  the  Montgomery  mill  property.  This 
dam  is  about  12  feet  high  and  affords  power  for  a  gristmill  and  ginnery.  Only  a  small  portion  of  the 
available  power  is  used.    It  could  afford  easily  250  horsepower,  if  the  proper  wheels  were  installed. 

('  From  report  of  probate  judge. 
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Water  powen  in  Alabama^  by  coutUiei — Continued. 

BARBOUR  COUNTY,  a 


N«me. 

Poet-oAce. 

Industry. 

Hone- 
power. 

Hagler's  mill 

Looiflville 

Flour  and  grist  mill 

do 

17 

( 'arpenter's  mill 

do 

15 

Hoffman'fl  mill ...    

Clayton 

do 

50 

Hartman'R  mill    

do 

do 

10 

Zom  mills 

Lodi 

do 

8 

William  M.  Wood 

Bush 

Whiteoak  Springs . . 
Clayton 

do 

12 

Will  Stewart 

do 

12 

Winn's  mill 

do 

12 

John  White 

Spivey 

Louisville 

do 

10 

Weston's  mill 

do 

8 

H.  J.  Turner 

Whiteoak  Sprines.. 

do 

10 

Spencer's  mill 

Clayton 

do 

10 

Perkin's  mill 

Elamville 

do 

12 

Angiis  McSwain 

Whiteoak  Sprinis . . 

do  _   

12 

William  Johnson 

Clayton  .. do 

10 

Ji'hn  M.  Jenkins 

Starhill 

do 

10 

Solomon's  mills 

Solomons  Mills 

do 

25 

Dftnner  mill    .... 

Elamville 

Oateston 

do 

12 

William  H.  Chambers 

do 

12 

Wil«?on  Deshazo 

Cottonhill 

do 

16 

BIBB  COUNTY. 


Scottsville  flour  and  grist 
mill.a 

Palmetto      flouring      and 
grist  mill. A 

W^illiams's  gristmill  o 

William  S.  Mathews « 

Sixmile  custom  mill  <> 

Mayfield  Bros.« 

Scottsville  Wool  Carder  & . . 

J.     M.     Battle     (Sixmile 
Creek),  ft 

W.     C.     Trott     (Sixmile 
Creek),  ft 

W.  H.  Thomas    (Sixmile 
Creek). ft 

Dock     Mahan      (Mahans 
Creek).ft 

a  From  U.  8.  Census, 
1KB  107—04 14 


Scottsville 


Brierfield. 


Blocton  .. 

Data 

Sixmile  .. 

Mertz 

Scottsville 
Sixmile  .. 


do 


Ashley 


Brierfield. 

1900. 


Flour  and  grist  mill 


do 

.do 
do 
.do 


Lumber  and  timber  mill. 

Woolen  goods 

Flour  and  grist  mill 

Cotton  gin  and  grist  mill . 

Lumber  and  grist  mill.. 


Wool  carder  and  grist- 
mill. 


b  From  report  of  probate  judge. 


30 

30 

10 
8 
15 
29 
20 
50 

50 

35 

40 
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WtUer  powers  in  Alabama ,  by  counties — Continued. 
BIBB  COUNTY-<}oiiUiiued. 


Name. 


Post-office. 


Bessemer  Land  and  Im- 
provement Co.  (Schultz 
Creek)  .a 

R.  R.  McCally  ( Hills  Creek) « 

E.  M.  Timbro  (Schultz 
Creek).a 

F.  H.  James  (Haysoppy 
Creek).a 

A .  L.  Elam  ( AffoneeCreek ) « 


Lopez  

Blocton  ... 
Centerville 

do  .... 

Affonee  ... 


Industry. 


Wood  carder,  gristmill, 
and  cotton  gin. 

Gin,  lumber,  and  grist. 
Gristmill 

do 

do 


Horse- 
power. 


BLOUNT  COUNTY,  b 


100 

30 
90 

20 

15 


Logan  Snead 

E.  B.  Head 

E.  R.  Wood 

Hendrick's  mill 

Jones  M.  Bums 

Wilson  Adcock 

G.  M.  D.  Tidwell  &  Sons 

Alldridge  &  Bro 

Brittain's  mill 

RufusF.  Wyatt.. 

Sam  Mardis 


Jno.  H.  Donahoo  A  Geo.  W. 
Darden. 


Snead 

Gumspring ' do 

Wynnville ' do 

Swansea do 

Clarence do 

Tidmore. do 

Tidwell ' do 

Liberty 

Summit 

Bangor 

Blountsviile 

Rosa 


Flour  and  grist  mill 


....do 

....do 

....do 

....do 

Lumber  and  timber 


10 
16 
8 
30 
15 
10 
20 
10 
20 
10 
60 
20 


BULLOCK  COUNTY. 


Brooks's  mill 

Union  Springs  waste  mill . . 

Chappeli's  gristmill 

D.    H.    Mason  (McBrides 
Creek). 

Chas.   Radford    (Conecuh 
Creek). « 


Mascotte Flour  and  grist  mill 

Union  Springs do 

do do 


Lumber,  gin,  and  grist 


Gristmill 


6 
15 
10 
20 

10 


BUTLER  COUNTY,  h 


John  W.  Halso 

Glen  Graham ,. 

The  Four-mile  mill. 


TheN.  M.  Rhodes  Mill  and 
Mercantile  Co. 

Mrs.  M.  E.  Crane 

Rouse  &  Whiddon 


Pigeoncreek 
Pontus 
Greenville 
Shell 


Flour,  grist,  and  lumber 
mill. 


Monterey '  Flour  and  grist  mill 

I 


Greenville do 


10 

6 

10 

50 

15 
50 


a  From  report  of  probate  judge. 


b  From  U.  8.  Census,  1900. 
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fVater  poveers  in  Alabdnui,  by  ixjuniiea — Continned. 

CALHOUN  COUNTY. 


Name. 


Joseph  FranciB  « 

Richey's  mill " 

Canada  gristmill  ^ 

Cold  water  mills  <> 

Read's  mill « , 

Lather  Barton  « 

W.  F.  McCullev  a 

A.  McCnrdy« 

Morris's  gristmill « 

XWjet's  mill  ^ 

James  A.  Weatheriy  <« 

Wood  Milling  Ck). « 

I^vis  &  Henderson  o 

Hendon's  gristmill  ^ 

Hoghes*?  sawmill^z 

F.  M.  Whiteside  (Chocco- 
locco  Creek). ft 

U^wning  &  Morris  (Choc- 
eolocco  Creek),  ft 


Pofltoffloe. 


Indiwtry. 


Cane  Creek 

Jacksonville 

Womack 

Coldwater 

Reads 

Piedmont 

Oxford do 

Whiteplains do 

Morrisville , do 

Jacksonville | do 

De  Armanville do 


Flour  and  grist  mill 
....do 


.do 
.do 
.do 
.do 


Horse- 
power. 


Ohatchee . . . 
Piedmont  .. 

Ironcity 

Oxford 

Whiteplains 

Choccoloceo 


J.  T.  De  Annan  (Chocco- 
loct»  Creek) .  ft 

W.  E.  Mellon  (Choccoloceo 
Creek).ft 

Lee's     mill    (Choccoloceo 
C^reek)  .ft 

T.  G.  Slaughter  (Choctro- 
locco  Creek),  ft 

J.    H.    Savage    (Terrapin 
Creek),  ft 

Do 

Frank    Aderhold   (Nances 
Creek),  ft 

John  Ramagnand  (Cham- 
pion Creek),  ft 

James     Crook     (Tallasee- 
hatchee  Creek). ft 

W.J.  Edmondson  (Tallasee- 
hatcbee  Creek) .  ft 

MT.  A.  Prickett  (Tallasee- 
hatchee  Creek),  ft 

Beaty    Estate     (Tallasee- 
hatchee  Creek). ft 

Peter    Heifner    (Tallasee- 
hatcbee  Creek),  ft 

«From  U.  S.  Ceoans,  1900. 


Anniston 


Oxford 


do 


do 
do 
do 


Lumber  and  timber  mill 


.do 


Anniston 

....do  .. 
Ladiga  .. 


Jacksonville 


do 


Anniston 


Alexandria 


do 


.do 


50 
20 
16 
20 
60 
20 
20 
34 
18 
30 
8 

26 
24 
10 
28 
25  or  30 

50 

15 

40 

30 

15 

20 

20 
20 

15 

10 

30 

10 

30 

15 


^From  report  of  probate  judge. 
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Water  jyowera  in  Alabama,  by  counties — Gontinaed. 
CALHOUN  COUNTY— Continued. 


Nome. 

Post-office. 

Industry. 

Horse- 
power. 

James  Aderhold  (Ohatchee 

Reads 

20 

Creek).  6 
Pleas.    Martin    (Ohatchee 

Peekshill 

25 

Creek).  & 

C.  J.  Wood  (Ohatchee 
Creek).  «> 

Wm.  Thompson  (Ohatchee 
Creek) .  & 

R.  L.  TrpAdway  (Tallaeee- 
hatchee  Creek). ^ 

J.    H.    Francis    (Tallasee- 

Jacksonville 

30 

Peekshill 

8 

Anniston 

10 

25 

hatchee  Creek). '^ 
R.     H.     Cobb     (Tallasee- 

Anniston 

20 

hatchee  Creek). ^ 
G.     W.     S.    Loyd    (Cane 

Peaceburg 

10 

Creek). «» 
Mrs.  Loyd  (Cane  Greek).* 

do 

Gin 

6 

Morris  Manufacturing  Co. 

Morrisville 

do 

ShopH  

30 

(Cane  Creek). ft 
E.  G.  Morris  (Cane  Creek ) .  & 

30 

P.     H.     Brothers     (Cane 

Zula 

30 

Creek).  6 
J.      H.      Francis     (Cane 

1 

50 

Creek) .  & 

CHAMBERS  COUNTY. « 


Barber 

Stroud 

Lafayette 

Westpoint,  Ga 
Hickoryflat . . . 


D.  E.  M.Smith 

Cumbee*s  gristmill 

Thomas  H.  Fuller 

R.  T.  Humphrey 

J.  T.  Hudson 

Wyche  Robinson Lafayette 

Stephens's  mill Driver. . . 

Ripville  mills 

Charles  F.  Higgins 

J.  E.  Dixon 

Ratchford  &  Tucker 

Benjamin  F.  Knight 

Wooddy  ABeall 

Leverett     &    Abemathy's 
Mill. 

G.  L.  Leverett 


We8tix)int    Manufacturing 
Co. 


Wise 

Finley  .. 
Lafayette 

do 

do 

Moorefield 
Mill  town 


Flour  and  grist  mill 
do 


Lafayette 
Westiwint 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


do 
Cotton  goods 


24 
20 
10 
42 

4 
16 

8 
20 
20 
10 
10 
10 

6 

4 

16 
1,100 


a  From  U.  S.  Census,  1900. 


i>From  report  of  L.  J.  Morris. 
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Water  powers  in  Alabama^  by  ro«n/i>«— Continue*!. 

CHEROKEE  COITNTY. 


Name. 


SlmmbliD  &  Toies  mill  ^  . . . 

Chandler  &  Stinson  0 

Shamblin  <Sc  Toles  mill  o  . . . 

J.  A.  Lampkin  o 

Harley'e  mill « 

TyreG.  Craig  « 

Rash  mill  <« 

E.  W.  Ragdaleo 

W.  F.  Timmerman  « 

M.  E.  Cohia« 

M.  J.  Abemathy  « 

Uarricane  Creek  Manafac* 
taring  and  Mining  Co.  o 

W.  A.  Stinson  (Terrapin 
Creek).  ^ 

J.  J.   Scroggin    (Terrapin 
Creek).  * 

T.  F.    Stewart    (Terrapin 
Creek).  * 

J.    M.    Adderhold     (Mill 
Creek),  b 

M.  L.  Braswell  (Hurricane 
Creek),  ft 

B.  F.  Newberry   (Yellow 
Creek),  ft 

E.  Cobia  ( Chattooga  River )  ^ 

R.  A.  Roflsell  &  Co.  (Chat- 
tooga River),  ft 

W.   F.    Henderson    (Mill 
Creek),  ft 

Rush  &  Rinehart   (Chat- 
tooga River) .  ft 

J.  G.  Toles  (Mill Creek)  ft.. 

Elliott  Bros.  ( North  Spring 
Creek),  ft 

J.  T.  Webb  &  Bros.  (Spring 
C^reek).  ft 

J.  D.  Jordan  (South  Spring 
Creek). ft 


Pout-office. 


Indiutry. 


Broomtown Flour  and  grist  mill 

Center do 


Broomtown 

Forney 

Hurley 

Grover 

Lawrence 

Spring  Garden  . . . 
Round  Mountain, 
Cedar  Bluff 


.do 
do 
do 
.do 
do 
.do 
do 
do 


Pleasant  Gap Lumber  and  timber  mill 

Spring  Garden Cotton  goods 


Center Gin,  flour,  and  gristmill 

Coloma do 


Spring  Garden Flour  and  grist  mill 

Piedmont Flour,  grist,  and  gin  mill 

Pleasant  Gap 1  Flour  and  grist  mill 

Round  Mountain. . . '  Flour,  grist,  and  gin  mill 


Cedar  Bluff , do 

Gaylesville > ....  .do 


Fullerton ' do 


do 


.do  . 


Broomtown 1  Grist  and  gin  mill 

Grassland do 


Hurley 


Noah. 


.do 


do 


Horse- 
power. 


8 
20 
20 
13 
12 
12 
If) 
30 

8 
24 
15 
65 

60 

60 

60 

40 

40 

40 

60 
60 

40 

60 

40 
40 

40 

20 


o  From  U.  S.  CexuaB,  1900. 


b  From  report  of  L.  J.  Morrii). 
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Water  powers  in  Alabanuif  by  courUies — Oontinued. 

CHILTON  COUNTY,  a 


Name. 

Post-office. 

Industry. 

Horse- 
power. 

iTftinffl  Porming .--.,. 

JemiBon 

Flour  and  grist  mill 

do 

10 

Mahan^R  T^ill 

OlftTltOP     

20 

W.  W.  Sansome 

Honeycutt  mill 

AdavT^R  . .  r   . .    

do 

12 

Jemison 

Flour,  grist,  lumber,  and 
timl^r  mill. 

20 

CHOCTAW  COUNTY,  a 


Pink  Blackwell 
Aquilla  mills. . . 


Flour  and  grist  mill 

Lumber  and  timber  mill , 


Gate's  mill 

Fleming's  gristmill 
Dacy's  mill 


CLARKE  COUNTY,  a 


Vashti  .. 
Nealton  . 
Whatley. 


Flour  and  grist  mill . 

do 

do 


12 
16 


30 

10 


CLAY  COUNTY,  a 


Henry  F.  Smedley 

Hezakiah  Ingram 

Allen  P.  Jenkins 

Knight's  mill 

F.  M.  Munroe 

John  R.  Gilbert 

Hodnett  &  Co 

Moses  R.  Watts 

Thomas  J.  Watts 

Bishop,  Carpenter  &  Co  . 

Cockrell  &  Mitchell 

McRairie,  Gladney  &  Co 

Virginia  Whellen 

Stephens  &  East 

Deberry  &  GriflSn 

Child'smill 

James  B.  Brown 

James  J.  Bachus 

Brooks  &  Handley 

Columbus  Bell 

J.  C.  Kennedy 

William  M.  Patterson  . . . 
Ward  A  Ford 


Mellow  Valley 
Hatchett  Creek 

Delta 

Wesobulga 

Millerville 

Pinckneyville.. 

Hat 

Dean 

Shinbone 

Cherry 

Goldburg 

Cherry 

Coleta 

Delta 

Flatrock 

Swann ' do 

I 

Pinckneyville do 

Fishhead do , 

Hatchett  Creek ' do 

Lineville Luml)er  and  timber  mill 

Fishhead do 

Meadow do 

Lineville do 


do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


15 

10 

14 

14 

40 

8 

10 

6 

8 

10 

14 

20 

6 

4 

15 

5 

6 

24 

8 

10 

14 

30 

15 


a  From  13.  S.  Coiwus,  1900. 
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WaUr  paicen  in  Alabama,  by  counlie» — Continuec]. 

CLEBURNE  COUNTY.  <i 


Name. 


Postroffice. 


Industry. 


J.  T.  A  E.  W.  Season 

\V.  M.  Evans 

Robert  mill 

Teagoe  A  Co 

H.  F.  Alaabrook 

Battram's  mill 

John  A.  Brown 

John  I.  BuigesB 

Wade  H.  Barnes 

J.  W.  Connor 

Lyon  &  Killebme 

W.  G.  Miligan 

James  McMahan 

E.  W.  Pitchford 

William  J.  Thrash  . . . 
Wade  H.  Barnes 


W.    H.   Tumlin   &  D.   8. 
Baber. 


Seasons  Mill Flour  and  grist  mill 

Edwardsville do 

Oaklevel do 

Endora do 

Borden  Springs ' do 

Bncham ; do 

Bell  Mills do 

Edwardsville do 

Muscadine do 

Chulafinnee do 

' do 

Oakhiskee do 

Edwardsville do 

Oaklevel do 

Oakf  oskee do 

Muscadine do 

Ai ": ' do 


COFFEE  COUNTY,  a 


Hone- 
power. 


10 
20 
16 
13 
30 
20 
16 
20 

4 

6 
34 

8 
12 
15 

6 
30 
16 


Levy  W^ise 

Bell  mill 

Lenora  F.  Hildreth 
Harper  flour  mills. . 
F.  M.  Prestwood . . . 

Mcintosh  mill 

Wise's  lower  mill . . 
Wise's  upper  mill . . 
Buck  A  Co 


Ino 

Dot 

Enterprise do 

Brockton ! do 


Fresco 

Eta... 

Elba.. 

do 

Penn . . 


.do 
.do 
.do 
.do 


Lumber  and  timber  mill. 


COLBERT  COUNTY,  a 


Geoi^  Martin 

James  Bums 

Tnscumbia  mill 

C.  C.Hester 

Chambee's  gristmill 

Dillard's  mills 

Steenson's  mills 


Allsboro 

Mand 

Tuscumbia 

do 

do 

Russell  ville 
Sheffield  .. 


Flour  and  grist  mill . 

do 

do 

do 

do 

Lumber  and  timber. 
do 


5 

8 
17 

4 
20 

8 
12 
10 
60 


8 
4 
40 
40 
8 
12 
30 


a  From  V.  8.  Cenmis,  1900. 
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Water  powers  in  Alabamay  by  courUies — Continued. 

CONECUH  COUNTY,  a 


Name. 


George  Stenson 

James  B.  Pate 

William  M.  Robinson 
Jimson  C.  Cox 


Post-office. 


Industry. 


John  N.  Varner  &  Chas. 
M.  Vamer.  ' 

James  E.  Wilson Mount  Union 


Bonnette Flour  and  grist  mill , 

Brooklyn ' do , 

do do 

Gem ■ do 

Herbert do 


Ransom  H.  Finley 
G.  G.  Broker 


Zem  .. 
Bowles 


Cary  &  Johnston Brooklyn . . 

T.  N.  Piggott Gravella... 

Robinson  Bros !  Brooklyn . . 

H.  J.  Robinson Burnt  Corn 


Henry  Wills. 


Finklet. 


do 
do 


Lumber  and  timber  mill . 
do 


Hone- 
power. 


.do 
.do 
.do 
.do 


12 
5 
5 
5 

10 

20 
8 
10 
15 
40 
30 
40 
30 


COOSA  COUNTY,  a 


Miller's  mill, 
Nolen's  mill. 


J.  T.  M.  Hodnett  &  O.  P. 
Hodnett. 

W.  N.  Neighbors 

Smith's  mill 

Geoi^  P.  Waits 

Crawford  mill 

Lawson  grist  and  sawmill . 


Bentleyville 

Darden 

Equality 


Goodwater 
Nixburg. . . 
Rockf ord . . 

do  .... 

do.... 


Flour  and  grist  mill 

do 

do 


do 
.do 
do 
.do 


Lumber  and  timber  mill , 


20 
15 
12 

23 

10 

8 

4 

36 


COVINGTON  COUNTY,  a 


A.  J.  Fletcher 

Uatu  gristmill 

William  Sharp 

Davis  B.  Gantt 

C.  E.  Rawls 

Dorsey's  mill 

James  Aplin 

William  Watkins  . . 

Kearsey's  mill 

Ephram  F.  Jjassiter 
Thomas  sawmill  . . . 


Andalusia  .. 

do 

Ealums 

Gantt 

do 

Glasiasko . . . 
(Jreen  Bay  . 
Liberty  Hill 
Red  level  ... 
Rosehill 


Flour  and  grist  mill 
do 


.do 
do 
.do 
.do 
do 
do 
do 
do 


Redlevel I  Lumber  and  timber  mill. 

a  From  U.  S.  Cen.HUs,  1900. 


10 
10 
10 
12 
10 
10 
20 
8 
5 
10 
25 
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Water  powers  in  Alahamaj  htf  raitnHfB — Continued. 
COVINGTON  COUNTY  a— Continued. 


Name. 


*^tmmon8  mill 

J.  A.  Prestwood,  jr. 

^ieorgeW.  Lee 

Back  Creek  mill . . . 

J.  F.  Gathrie 

Ganter'e  mill 

Cf anter*g  sawmill . . . 

(iantt'smill 

Pollard  Gantt 

Daris  B.  Gantt 

X.  B.  Dixon 

Bartlett  &  Barker . . 


Pcwt-ofnoe. 


Beck 

Andalusia . 

Rat 

River  Falls 
Veracruz . . 
Andalusia  . 

Ciantt 

River  Falls 
Searight . . . 

Gantt 

Mason 


IiidiiHtry. 


Lumber  and  timber  mill 
do 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 


Hone- 
power. 


CRENSHAW  COUNTY. « 


40 
40 
20 
80 
25 
40 
15 
70 
35 
40 
60 
60 


E.  P.  Lasseter. 
is.  B.  Mon^an. 
Folmar's  mill. 
X.  Skip})er  . . . 
Daniel  &  Co  . . 
John  8.  Marsh 
G.  B.  Saaser  .. 


Joseph  W.  Hyatt. . 
Miles  Humphries  . 

D.  H.  Lanev 

Robert  J.  Waldrop 
Andrew  J.  Miller  . 


Archer  McCall... 

Floyd  mUl 

Lewis  mill 

Mnrphy  mill 

Maunds  com  mill 
Pope's  mill 


Bullock 
do 

Goshen. 

Honoraville 

Lapine 

Rutledge  .. 
Luveme 


Flour  and  grist  mill . . . 
do 


.do 
do 
do 
do 
do 


CULLMAN  COUNTY,  a 


Bailey  ton 

do 

Battleground 

Cranehill 

Summit 


Flour  and  grist  mill 

do 

do 

do 

do 


DALE  COUNTY,  a 


Candy 

Dothan 

Clopton 

Dothan 

Ewells 

Grimes 

a  From  V.  B.  Censufl,  1900. 


Flour  and  grist  mill 
.--.do 


.do 
.do 
.do 
do 


8 
15 

8 
10 
30 
20 
15 


10 
4 
6 

20 
6 


10 
10 
15 
5 
10 
60 
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Water  powers  in  Alabamay  by  cminiies — Continued. 
DALE  COUNTY— Continued. 


Name. 


Charles  Thrower 

Daniel  McSwean 

Preston's  mill 

The  Kelley  gristmill. 
Atkinson's  sawmill. . . 
J.  F.Bell 


Po8t-offlce. 


Kl^.... 
Ozark  . . . 
Peach  . . . 
Pinckard 
Newton  . 
Daleville 


Industry. 


Flour  and  grist  mill 

do 

do 

do 

Lumber  and  timber  mill. 
do 


Horse- 
pow€'r. 


16 
20 
20 
150 
16 
22 


DALLAS  COUNTY,  a 


Calhoun's  mill.. 
Ivey  &  Williams 


L.  D.  Wootenfl 

J.  D.  Hallo 

J.  S.  Wardo 

Kean  &  Warren  « 

Swindell's  mill« 

Griffin's  mill « 

Emeline  Clayton  «.  . 

Swader's  mill « 

James  Clark  « 

David  J.  Harper  «. . . 
Elrod's  gristmill  o  . . . 

Davis  mill« 

Thomas  F.  Everett  o. 

Elrod's  millo 

Pruitt's  mill  fl 


Carlowville . 
Morrowville 


Flour  and  grist  mill 
...  do 


DEKALB  COUNTY. 


Lebanon    flour   and    grist 
mill,  a 


Robert  F.  Ellison  a  . . . . 

EUic  Ellsworth  o 

Warren's  gristmill «... 

John  F.  Williams  « 

Edward  W.Williams«. 

McGee's  mill « 

Charles  G.  Matheny  «. . 

Dixie  Mills  « 

PhilUps's  mill  o 


Blake 

Chavies  ... 
Chumley  .. 
Cordell . . . . 
Cotnam  ... 

do  .... 

Crossville . . 
Dekalb . . . . 

Eula 

Floy 

do  .... 

Fort  Payne 

Luna ^ 

Gerald ine  . 

Skirum 

I>ebanon... 


Flour  and  grist  mill 
do 


Mentone 

Ophir 

Portersville 

Rains 

do 

Sandrock 

Sauty  Mills 

Sulphur  Springs. . . 
Valleyhead do 

a  From  U.  S.  Cen.mw,  1900. 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 

.do 
.do 
.do 
.do 
.do 
.do 
do 
do 


10 

8 


8 
10 
12 
20 
12 
12 

6 
15 
15 

3 

4 
16 

8 

30 
12 
36 

25 
6 

12 
8 
6 
5 

20 

10 
4 
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Water  powers  in  Alabama,  by  courUie$ — ContiniicHl. 
DEKALB  COUNTY— ConUniu'd. 


Name. 


Ptwt-office. 


Industry. 


The  Roberts  Mill  Co.a 

W.  E.  Brown  &  Sona 

James  31.  Durham  o. 

William  C.  Hill  &  Co.« . . . 

D-  D.Hoghes^' 

Ward,  Pickena  A  Co. «... . 
JohnA.Davi8{Will8Creek)ft 
M.  S.  Brown  and  W.   C. 


Horse- 
power. 


Collinsville Flour  and  Krist  mill 

Sulphur  RpringH <  Lumber  and  timl)er  mill 

Chavies do 

Blanche do 


do 


Hughes 

I 

Dawson -• do 

Fort  Payne (irist  mill  and  gin . 

Sulphur  SpringR ,  Flouring  mill 


Thomas  (Lookout  Creek ) .  & 

D.D.Hughe«(WillsCreek)^  Hughes i  Flour  afid  grist  mill 

P.M.Frazier(Will8Creek)frj  Lebanon ' do 

S.  D.Warren  (Wills  Creek)  ft do \ do 

Grif.  Elrod  (Town  Creek )ft    South  Hill.., I do 


Durham     &    Co.    (Town 
Creek). ft 


Chavies 


Flour,  griHt,  and  saw  mill 


25 
15 
16 
40 
15 
15 


ELMORE  COUNTY,  n 


E.  &  H.  T.  Andrews 
Benjamin  Spigener. . 
Sykes  mill 


John  C.  Birt  (Lancaster 
old  mill). 

Freeman's  gristmill 

J.  J.  Benson 

J.  T.  Rogers 

Tallassee  Falls  Manufac- 
turing Co.  (Tallapoosa 
River) .  ^ 

Montgomery  Power  Co. 
(Tsdlapoosa  River). 


Channahatchee '  Flour  and  grist  mill 

Elmore do 

Sykes  Mills do 

Tallassee ' do 


do I do 

Kowaliga I  Lumber  and  timber  mill . 

Spigners , do 

Tallassee Cotton  and  woolen  goods 


Electric  transmission  to 
Montgomery,  Ala. 


25 

5 

16 

24 

5 

20 

30 

8,900 

5, 600 


ESCAMBIA  COUNTY." 


Bradley  mill 
S.  8.  Overstreet 
James  F.  Douglas 


Flour  and  grist  mill 
do 

Lumber  and  timber 


10 
20 
25 


a  From  U.  8.  Census,  1900. 
b  Prom  report  of  probate  jadsre. 

oThifl  is  tne  same  company  that  Is  now  orKanixed  under  the  name  of  the  Mount  Vernon- Wcxxl berry 
Cotton  Duck  Oompany,  with  office  at  Montgomery,  Ala. 
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Water  powers  in  Alabama^  by  counties — Continued. 

ETOWAH  COUNTY. 


Name. 


Wesson  inill8« 

Cox  &Bro.« 

B.  H.  Rogers  « 

T.  G.  Ewinga 

John  C.  Rollins  « 

Reese  mill « 

John  H.  Helms  a 

Forcl  &  Sibert's  mill «  . . . 

Moigan  <&  Cochran  « 

W.  J.  Harris  o 

John  B.  Burns « 

A.  B.  Stephens" 

W.  H.  Cobb« 

P.  C.  Turner« 

Do.o 

W.   M.  Brothers  &  Son  « 
Gadsden  Times- News  « . . 


P08tK)flace. 


J.     M.     Morague    (Wills 
Creek),  ft 

Wm.     McClendon    (Wills 
Creek), ft 

Griffith    (vVills 

Creek),  ft 

Bob    Rigers    (Canoe 
Creek),  ft 

Tom  Ewi  ng  ( Cane  Creek )  ft . 


Attalla 

Avery 

Etowahton  .. 

Ewings 

Fenton 

Hill 

Ballplay 

Hokesbluff  . . 

Keener 

Nix 

Seaborn 

do 

Steels  Depot . 
Walnutgrove 

do 

Gallant 


IndUHtry, 


Flour  and  grist  mill 
do 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Woolen  goods. 
do 


Gadsden Printing  and  publishing. 


do 


Attalla 


Keener 


Gadsden 


do 


Gristmill 


.do 


do 


.do 


.do 


FAYETTE  COUNTY. 


Bankston . 

Covin 

Glenallen. 
Hester  ... 
Rena 


Rodolphus  Cotton  « 

D.  G.  Hesterfl 

John  W.  Anthony  « 

London  Miles  « 

Bishop  Emick  « 

Phillip  N.  Fortenberry  «..,-  Bankston 
W.L.Caine(Sipsey  River)  ft    Fayette  . 

T.  E.  Newton  &  Bro.  (Sip-    do 

sey  River),  ft 

Licurgas  Ray  (Luxapallila 
Creek). ft 

John  Barnes  (Luxapallila 
Creek),  ft 

a  From  U.  S.  Census,  1900. 


Montcalm 
Covin 


Flour  and  grist  mill 

do 

do 

do 

Lumber  and  timber  mill  ' 

do 

Saw  and  gristmill 

do 


Horse- 
power, 


do 

(lin  and  grist  mill 

I 

h  From  report  of  prob&te  Judge. 


25 

6 

40 

60 

8 

10 

6 

30 

8 

12 

8 

8 

20 

30 

13 

8 

4 

ItX^ 

40 

35 

75 

40 


20 
12 
30 
13 
40 
8 
40 
40 

30 

30 
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Waier  powen  in  Alabama^  by  counties — Continued. 
FAYETTE  COUNTY— GonUnued. 


Name. 


Post-otHce. 


E.      Bishop    (Luzapallila 
Cpeek).« 

John  Williams  ( Lazapallila 
Creek).  & 

Washington  Hubbert  ( Shir- 
ley Creek). a 

Gilpin    &  Jones    (Shirley 
Creek).a 

Jones    &   Jones    (Shirley 
Creek).a 

P.  N.  Fortenlierrv  (Davis 
Creek).a 

G.  H.  White  (DavisCreek)fl 

J.  W.  Blackburn    (Davis 
Creek). « 

M.    I.    Bamette     (Davis 
Creek)." 

Dolphus  Cotton   (Clear 
Creek ).« 

M.  Miller  (Clear  Creek)  «.. 

John    G.    Kizer    (North 
River).« 

Marshall    Jones     (Bear 
Creek). « 

R.  G.  Walker  (Bear  Creek)a 

Landon     Miles     (Stewart 
Creek).* 

J.  T.  McCaleb  (Mountain 
Creek  ).« 

W.  A.    Ayers    (Beaver 
Creek). a 

G.  W.Gray  (BoxeBCreek)o 

Miles    Whitson    (Clear 
Creek). a 

Bud  Wade  (Hollingsworth 
Creek). « 


Rainy 
Covin 


Industry. 


_  I. 


Home- 
power. 


Saw,  gin,  and  fpnet  mill. 

Gin  and  grist  mill 

do 

Saw,  gin,  and  grist  mill. 


Hugent ' do 

Bankston ' do 

Davis  Creek do 

do do 


Ridge 


do 


Bankston do 

do do 

Berry  station do 


Bear 


do 


do do  .. 

Hester Gristmill 

Newriver I do  . . 


Fayette 

Stough  . 
Handy  . 


Gin  and  grist  mill 


Gristmill 
do  .. 


Newriver ' do 


FRANKLIN  COUNTY,  ft 


Helm's  mill 

M.  J.  Height . . . 
James  McNair . . 
Andrew  Posey . . 
Thomas  Watson 
S.  T.  Bonds 


Belgreen |  Flour  and  grist  mill 

Baggett do 

Kirby do    

Igoburg do 


Phil  Campl)ell 
Pleasant  Site.. 


do 
.do 


30 

30 

10 

16 

20 

8 

16 
18 

20 

16 


40" 

20 

24 
12 

18 

12 

16 

12 

12 


6 
10 
20 
24 
20 
80 


a  From  report  of  probate  Judge. 


^FIom  U.  8.  Census,  1900. 
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Water  powers  in  Alahamaf  by  countiea — Oontiiiaed. 
FRANKLIN  COUNTY— Continued. 


» 

Name. 

Post-office. 

Industry. 

Hone- 
power. 

JeB.  8.  Scott 

Russell  ville 

Underwood 

Flour  and  grist  mill 

do 

10 

Sparks  mill 

10 

John  T.  McAlist^r 

Phil  Campbell 

Lumber  and  timber  mill . 

10 

GENEVA  COUNTY.a 


Avant's  mill . 
Lowry's  mill 
Bell's  mill... 


W.   J.   Keith  and  R.   Y. 
Daniels. 

Clark's  gristmill 

Underwood's  gristmill .... 

Condry's  gristmill 

John  T.  Coleman 

Clark  Bros.  &  Co 

Wilson  Deshoga 

Nathan  Hall 


Geneva 

do  .... 

Fadette 

Geneva 

Highnote . . 
Sanders  ... 
Whitaker.. 

Geneva 

Wicksburg 

Dundee 

Dotham  ... 


Flour  and  grist  mill 

do 

do 

....do 


do 
do 
do 


Lumber  and  timber  mill . 

do 

Lumber  and  timber 

do 


HALE  COUNTY. 


15 
10 
15 
15 

4 
20 

15 
30 
10 
15 
20 


William  Steward^ 

William   A.   Avery  (Five- 
mile  Creek). « 

J  .H.  Payne  &  Co.« Ingram 

M.  M.  Avery « Havana 

Pickens  mill « G  reensboro 

Greensboro  Carriage   and    do 

Wagon  Shops. « 

Richardson's  mills  (Five- 
mile  Creek),  ft 


Flour  and  grist  mill 
do 


J.  H.  Payne's  mill  (Five- 
mile  Creek),  ft 

Averv's    mill    (Five-mile 
Creek),  ft 

J.  A.  Stephenson  (Prairie 
Creek),  ft 

Irwin     &     Martin     (Big' 
Creek).ft 


do 
do 


Fivemile  .. 
Havana  ... 

do  .... 

Newbem  . . 
Greensboro 


Lumber  and  timber  mill. 
Carriages  and  wagons... 

Grist  mill  and  gin 

do 

do 

do 

do 


8 
10 

10 

15 

15 

6 

20 

20 

25 

20 

25 


a  From  U.  S.  CenBus,  1900. 


t*  From  report  of  probate  judge. 
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Water  poioers  in  Alabama,  by  countie9 — Continaed. 

HENRY  COUNTY.*" 


Name. 

Post-offloe. 

Industry. 

Hone- 
power. 

K<"rTifldy'8  mill 

Shortenrille 

GnuMwr ........... 

Floor  and  grist  mill 

do 

8 

Jophna  A.  Hart. 

15 

Jf^cofit  mill 

Gordon 

do 

8 

Rlarkflhf^r  A  8annd<fTH .... 

Halebiuv 

do 

25 

CtiTTifning'fl  mill 

Boah 

do 

20 

Joe  Baker 

Hewlland 

do 

27 

Badiford  ffristmill 

Little  Rock 

do 

15 

JntiD  Tj.  Rmith -,-   ,-r. 

Aahford 

do 

13 

Mark  Shelley 

Balknm 

do 

6 

Sineleterrv'a  water  mill 

Kinsey 

Lumber  and  timber 

do 

27 

J.  P.  Williams  A  Co 

Ck>lambia 

25 

Moody's  flooring  mill , 

Geoi^  W.  Brown 

J.  F.  Bell 

Coffey'amill 

GroflBmill 

Hackworth's  mills 

John  8.  Henegar 

Bort  Harrison 

W.  A.  Howell 

Mathew's  gristmill 

Page's  mill 

Paint  Bock  Milling  Go. 

Reid  &  Prince 

David  H.  Starkey 

Shork  mills 

Cagle  mill 

J  obn  Thomas 

Martin  Walker , 

James  P.  Williams 

John  V.  Wheeler 

Charlee  W.  Brown 

J.  N.  Gronce 

Meltofn  Morris 

David  M.  Starkey 

Tomon  shingle  mill . . . 


JACKSON  COUNTY,  a 


Kyles 

Kosh 

Maxwell 

Scottsboro 

Parks  Store 

Boliver 

Rosalie 

Section 

HoUytree 

Cams 

Woodville 

Paintrock 

Estillfork 

Kosh 

Hollywood 

Oakley 

Pisgah 

Trenton 

do 

Pisgah 

Glenzaida 

Anderson | do 

Dangherty do 


Floor  and  grist  mill . 
....do 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


Lumber  and  timber  mill . 


Kosh.. 
Culver 


do 
do 


40 

8 

4 

8 

10 

8 

20 

6 

5 

10 

6 

8 

20 

8 

60 

12 

20 

40 

20 

20 

25 

20 

12 

20 

10 


a  From  U.  S.  CeosuSf  1900. 
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JBFFEBSON  COUNTY,  o 


Name. 

Poet-office. 

Industry. 

Hone- 
power. 

J.  M.  LAndrum 

Pinson 

Flour  and  grist  mill 

do 

20 

John  Lowerv  mill 

Gary 

12 

Hendon's  com  mill 

inmuj     .............. 

Trussville 

......do 

10 

Posev's  mill  .. 

Morris 

do 

20 

James  W.  Raney 

Ezra 

do 

35 

William  B.  Rogers 

G.  W.  Underwood 

Toadyine 

do 

32 

Areo -- 

do 

15 

William  J.  Wedgworth 

W.  W.Woodruff 

Cardiff 

do 

10 

Adamsyille 

do 

8 

W.  M.Self 

Oneonto 

do 

15 

William  M.  Phillip 

Morris's  mill 

Greene 

Ensiey 

do 

40 

do 

10 

Hurst  &  Johnson 

Pinson Lumber  and  timber  mill. 

Ezra Woolen  imoda 

18 

James  W.  Raney 

35 

^           

LAMAR  COUNTY. 


John  H.  Cantrell « 

Clabom  E.  Carter « 

Kirk's  mill(  YellowCreek)« 

Mote's  mill  (Beaver  Creek )« 

John    T.    Moore  (Yellow 
Creek). « 

W.  H.  Miller  (Luxapallila 
Creek).* 

Stanford  mills  <^ 

S.  B.  Thomasa 

Lafayette  J.  Hayes  « 

Hiram  Hollis  « 

Dr.  Wm.  H.  Kennedy  a 

S.  B.Thomas* 

J.  O.  Kennedy  * 

J.  W.  Thomas,  jr.   (Hills 
Creek).* 

W.   M.   Thomas  (Hills 
Creek),  ft 

Osbom  &  Hill  (Yellow 
Creek).  & 

D.    M.    Hollis    (Beayer 
Creek).* 

a  From  U.  S.  Census, 


Pharos  . . 
Detroit . . 
Sizemore 

Guin 

Vernon.. 


Millport 


Detroit . . 
Areola  .. 
Molloy  . . 
Vernon  . 
Kennedy 
Areola  .. 
Kennedy 
Alfred... 


.do 


Blow  horn 


Beaverton 


1900. 


Flour  and  grist  mill 

do 

do 

do 

do 


do 

do 
do 


Lumber  and  timber  mill 

do , 

do 

do 

Mill  and  gin 

Gin,  saw,  and  grist  mill 


do 


.do 


do 


15 

12 

8 

6 

35 

20 

12 
10 
15 
35 
50 
15 


b  From  report  of  probate  judge. 
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Waier  powers  in  Alabama,  by  counties — Omtinaed. 
LAMAR  COUNTY-Oontlnued. 


Name. 


B.   G.   Boman    (Yellow 
Creek). a 

A.   A.    Mathews   (Yellow 
Creek).a 

W.   L.   Morton    (Yellow 
Creek ).« 

renniDg  Bro6« 


Po8t-ofl\ee. 


Industry 


Hone- 
power. 


Vernon '  (tin,  Haw,  and  grist  mill . 

Areola do 


Vernon ' do 


Baxter 


do 


LAUDERDALE  (TOUNTY.fc 


William  M.  Thornton 

James  A.  Bevis 

Jes«ie  J.  Bevis 

iieoige  M.  Bretherick 

Isfk  B.  Eastep 

Ingram  Brothers 

Thomas  D.  Proitt 

Sharpens  mill 

Nancv  Williams 

H.  N.  Call 

Chandler  &  Chittam  . 


Kogersville 

Threet 

Kendell  . . . 

Hines 

Eastep 

Anderson . . 
Pruitton . . . 
Florence  .. 
Lexington . 
Reserve  ... 
Oliver 


Flour  and  grint  mill 
do 


do 
do 
do 
do 
do 
do 
do 
do 
do 


LAWRENCE  COUNTY. 


Burrell  &  Casteelft 

George's  mill  ^ 

Jones's  estate  ^ 

Kerby's  mill* 

Thomas  Oliver  * 

John  8.  Stephenson  &  Co.  * . 

Wesley  L.  Stover  & 

Terry  &  Terry* 

Wallace  mill* 

W.  M.  Willingham  * 

H.  C.  McClannaher(Town 
Creek).« 

John  8.  Stephenson  (Sip- 
sey  River). o 

Ben  F.  Masterson  (Nances   do  . 

Creek).a 

a  From  report  of  probate  jud^e. 
IRB  107—04 16 


Progress 

I>eighton 

Kinlock 

Avoca 

Hatton 

Kinlock 

Crow 

Courtland  ... 

Avoca 

Camp  Spring 
Mount  Hope. 


Moalton 


Flour  and  grist  mill 
do 


do 
do 
do 
do 
.do 
do 
■do 


Lumber  and  timber  mill 
Gristmill 


Flour  and  gristmill, 


Gristmill 


^^rom  U.  S.  Census,  1900. 


20 

8 

6 

24 

8 

8 

24 

40 

20 

18 

20 


10 
18 
10 
16 
16 
27 
15 
20 
10 
1 
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Water  powers  in  Alabama^  by  counticH — Continued. 
LAWRENCE  COUNTY— Continued. 


Name. 


Post-office. 


Industry. 


W.  G.  Hamilton  (Nances 
Creek),  a 

J.  M.  Key  (Bnishey  Creek) « 

W.  L.  Stover(Flint  Creek)« 

B.  A.  Caateel(  Flint  Creek )« 


Pitt 


Pool 

Oakville . . 
Se  wick  ley 


Grietmill 


do 


Flour  and  grist  mill 
do 


LEE  COUNTY. 


Shelton'smill^' 

Floyd  millft 

GeoiTge  W.  McKinnon  ^ 

Vaugh  mill  ^ 

N.  G.  Macon  ( Reed  Creek )  & 

W.  0.  Moored 

W.  K.  Meadows  (Halawo- 
chee  Creek )  b. 

James  Crosby  ^ ( )sanippa 


Opelika 
do 
Yale 

Loachapoka do 

do do 

Auburn do  . 

Hattie i..     .do. 


Jo 


Auburn 


Opelika 


Benjamin  F.  Stripling  & 

W.  W.  Wright  (Chewacla 
Creek). « 

W.  W.  Wright  &  Geo.  P. 
Harrison  (Saugahatchee 
Creek). « 

H.  J.   Spratling  (Frazer  I do 

Creek). «  ' 

B.  F.  Meadow^s  (Halawo- 
chee  Creek ).« 


Yale Lumber  and  timber 


Not  in  use  now^ 


LIMESTONE  COUNTY. 


Weatherford  Bros.  * 

Carter's  mill  * 

Dupree  &  Stepp^ 

Hayeks  gristmill  * 

T.  M.  Holmes  & 

John  M.  Head  ^ 

Nancy  Haney  b 

Edward  G.  Hampleton  *.. 

Thomas  D.  Hastings  ^ 

James  L.  Lamar  & 


Elkmont Flour  and  grist  mill 

....do 


Eueene    Parham    (Piney 
&eek).& 


Athens 

Mount  Rozell ■ do 

Mooresville do 

Elkmont , do 

Pettusville do 

Legg do 

Goodsprings ,     ^do 

Elkmont . . . ' do 

Goodsprings do 

Athens do 


Horse- 
power. 


:ui 


15 
2<) 


6 

IG 

25 

15 

12 

8 

20 

15 

5 

8 

8 


a  From  report  of  probate  judge. 


bFrom  U.  S.  Cenaufl,  1900. 
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Water  potvers  in  Alabama^  hy  counties — ContinutMl. 
UME8TONE  COUNTY— Continued. 


Name. 

Post-office. 

Indtutr)'. 

HonH>- 
power. 

M.  A.  PhilliT»« 

Shoalford 

• 

Flour  and  grist  mill 

do 1 

12 

Rinlev'B  mill « 

Ripley 

15 

(T€OPBe  Vaasar  <» 

Ta» , 

1 

do 

8 

Witty's     Mill     (Birds 
BraDch).o 

William  J.  Woodfin  « 

Athens  _  _ 

do 

15 

Pettusville 

do 

15 

Pioneer  mill " 

Mount  Rozell 

do 

20 

A.  P.  Andrews  o 

Elkmont 

Klkriver  Mills 

.....do  

. do 

8 

William  N.  Webb  « 

do 

12 

Baker's  mill  <* , . . . 

do 

8 

Allison  Miller  « 

Grisham  Bro8.« 

Do 

L.     C.     Hightower    (Big 

Rowland 

Elkriver  Mills 

do 

do 

Lumber  and  timl)er 

Carriages  and  wagons  . . 
Saw,  flour,  and  gristmill . 

Flour  and  grist  mill 

Clin,  flour,  and  gristmill. 
Flour  and  irrist  mill 

10 
40 
40 

do 

Creek),  ft 
Wm.  Bailey  (Big Creek )*.. 
J.  W.  Carter  ( Big  Creek) ft . . 
M.  J.  Wittv(  Birtis  Branch )  f> 

Quidnunc 

O'Neal 

Athens 

Elkmont 

J.    C.    Vaughn     (Sulphur 
Creek). ft 

R.    B.    Malone    (Sulphur 

(Tin,  flour,  and  grist  mill . 
do 

Athens 

Elkmont 

Carter 

Centerhill 

Creek),  ft 
Wm.   Woodfin    (Ragsdale 

do 

Creek),  ft 

J.     W.     Carter    (Panther 
Creek),  ft 

John    Carroll    (Leslie 

do 

do 

Creek),  ft 
Wm.  Davidson  (Limestone 

Tax 

do 

Creek),  ft 
R.  M.  Clem  (Piney  Creek )  ft . 

Fairmount 

do 

Eugene    Parkam     (Piney 

Creek),  ft 

W.  M.  Hayes  (Limestone 

Athens 

do 

Mooresville 

do 

Creek). ft 
W.     H.     Roberts     (Sugar 

Athens 

do 

Creek). ft 
W.  H.  Marbutft 

GondsnriniTfl    .      

do 

IX)WNDES  COUNT 

Y. 

G.  B.  Holley« 

Lowndesboro 

Benton 

Flour  and  grist  mill 

Gin  and  mill 

10 

W.  N.  Bozeman  ft 

a  From  U.  S.  CeiisuB,  1900. 


b  From  report  of  probate  Judge. 
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MADISON  COUNTY,  a 


Name. 


Poet-office. 


Fannie  J.  Ridley Haden 

I).  L.  Middleton  water  mill. I  Gurley 

I 

Delop's  mill '  Dan 

Hardy  Keel  water  mill ;  Gurley 

Annie  M.  Taylor j  Hazelgrcen 

Bell  Factory  mill Iluntsville. 


Industry. 


I 


Key*8  mill 

William  S.  RuBsell 

Chas.  F.  Rountree  . . . 
William  S.  Garvin  . . . 
A.  D.  &  W.  E.  Rogers 

B  tier  Mill  Co 

Payne  &  Miller 

Martin's  gristmill 

H.  C.  Turner 

Daily  Mercury 


Keysmill , 

Madison  Station 

Maysville 

Monrovia 

Newmarket 

Poplarridge 

Hunts  ville 

do 

Dan 

Huntaville , 


Flour  and  grist  mill 

do 

do 

do 

do 

do 

do 

do 

db 

do ;. 

do 

do 

do 

do 

Luml)er  and  timber 

Printing  and  publishing. 


MACON  COUNTY,  ft 


H.  H.  Robinson Loachapoka Flour  and  grist  mill 

M.  W.  Glass Societvhill , do 


J.  0.  H.  Perry 


Tuskegee do 


MARION  COUNTY 


The  Carter  mill  « 

Bexar  Mercantile  Co.« 

Eads  &  Fowler  « 

The  Boatwright  mill « 

Samuel  A.  <fe  Wm.  V.  Read  « . 
Jasper  N.  Green  &  Son8«.. 

Elishu  Vickery  « 

The  Shirley  mill « 

Jesse  G.  I*oe« 

Bull,  Atkins  &  Donaldson  «. 
Buttahatchee  Mill  Co.« . . . . 

John  Cumens« 

Kelly  sawmill « , 

John  R.  Phillips  « 


Flour  and  grist  mill 

....do 


Ur 

Bexar 

Glenallen do 

Inez .• do 

Eldridge do 

Brilliant do 

Winfield ' do 

Ur : do 

Bearcreek  .'. do 

Haleysville do 

do Liunber  and  timber . 

do do 

do do 

Bearcreek do 


Horse- 
power. 


8 
20 

8 
15 

8 


2o 


28 
12 
15 
15 
60 
30 
30 
15 
16 
6 


4 

8 

20 


5 
8 
12 
12 
20 
20 
16 
10 
6 
52 


52 


12 
15 
50 


a  From  U.  S.  CensuB,  1900. 


f'  Prom  U.  S.  Census. 
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Water  powers  in  Alabama^  by  counties — Continued. 
MARION  COUNTY— Continued. 


Name. 


Post-office. 


>inion  W.  Moss^ ,  Winiield 

The  Powell  Mill  and  Wool  i  Duffey  .  - 
Carder." 


Industry. 

LunilKT  and  tini1)er 
W(M)len  gJKxlF 


Horet'- 
piiwer. 


5() 


Albert  J.   Hamilton  (Wil-   "Hamilton 

iiams  Creek),  ft 

W.  G.  Gann  (Sipeey  Creek)  *    Bexar <lo 

Q.    Northington      (Sipeey     Hamilton do 

Creek).* 

Crane     &    Riggs    (Sipsey  '  Delhi ! do 

Creek). fc 

T.I^ShottB(  Bull  Mountain  |  Shottsville do 

C\wk).ft  I 

I.  J.  lioyd  ( Bull  Mountain     Bull  Mountain ' <1<» 

Creek). ft  I  | 

D,   F.   Ballanl    (Williams  '  Hamilton ' do 

Creek),  ft  i  I 

James  P.   Pearce    (ButUi-  I  IVarct*  Mills do 

hatc'hee  River) .  ft  ,  j 

Jamen     P.     Pearce    ( New  '  Texas do 

River). ft 


Flour  and  grist  mill 


J.C.Carter(Wood8Creek)ft  I  Elmira ■ do 

James  Young  (Cantrell  Mill  '  Hamilton ' do 

Creek). ft  j  ' 

W.  J.  Wright  (Bamesville     liarnesvillc do 

Mill  Creek). ft 

Henry  Guin  ft 


Guin ' do 

Winfield ' do 


Tucker  Mops  (Luxapallila 
(>eek).ft 

D.     G.     Morrow     (Woo<l8  ,  Klmira do 

Creek),  ft 


MARSH.VLli  COrXTY.o 


J.  M.  Ellison Prt»ston Flour  and  grist  mill 


Mathis  mill 

James  B.  Powell 

James  F..  Prentice 

P.  C.  Rags<lale 

James  P.  Smith 

8cott*8mill 

John  D.  Sumers 

I^key  mill 

(George  K.  Whisnant  &.  Son 
a  From  U.  S.  Censnis.  1900. 


All)ertville do 

Columbus  Citv do 

• 

Arab do 

Uniongnn'C do 

Warrenton do 

Friendship do 

Boaz do 

Bartlett do 

Oleander do 

f*  Fn)in  n»pf»rt  <>f  probate  judge. 


'•  From  r.  S.  (!i'iisiifl. 


4 

10 

4 

10 
10 
8 
15 
10 
10 
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TToter  powers  in  Alabama,  by  courUies-^-Ckyntinued. 
MARSHALL  COUNTY— Ccatinued. 


MARENGO  COUNTY,  a 


Name. 

Post-office. 

Industry- 

Horse- 
power. 

I.  G.  Gross 

Columbus  City 

Friendship 

Flour  and  grist  mill 

do 

12 

Walker  &  Fowler  mills 

20 

William  J.  Copelan 

James  Wm.  Barclay 

The  Winston  mill 

Diamond 

do 

5 

Woodville 

do 

10 

Meltonsville 

Sidney 

Grant 

do 

12 

W.  G.  Smith  Estate 

do 

10 

Jas.  M.  Selvaere 

do 

4 

Rhodes  mill 


Sweetwater Flour  and  grist  mill 


MOBILE  COUNTY,  a 


12 


N.  Q.  Thomi>son  . . . 
H.  Brannan  &  Son  . 
T.  A.  Hatter  &  Son 
Littleton  Lee 


Citronelle 

Pierce  

Creola  ... 


Pierce 


Flour  and  grist  mill 
Lumber  and  timber 

do 

do 


MONROE  COUNTY." 


J.  B.  Solomon 

James  H.  Simpson 

Benjamin  Johnson 

Andrew^  Bohanon 

David  J.  Hatter  &  Son 
Do 


Manistee  . 
Mexia 

\  Hollinger. 
Franklin  , 

Wait 

....do  ... 


C.  C.  Yarhrough '  Monroeville 


Flour  and  grist  mill 

do 

do 

do 

Lumber  and  timl>er 

do  ....: 

do 


MONT(i()MKRY  (X)rNTY.a 


Daniel's  mill 

Montgomery  cotton  mill 


Sellers. Flour  and  grist  mill 

Montgomery ,  Cotton  gocnls 


MORGAN  COUNTY. a 


Surah  M.  McC;Utcheon I  Bris(*<:>e 


Flour  and  grist  mill 


10 
30 
75 


15 
10 
15 
15 
60 
20 
20 


25 


:Vy 


10 


a  From  U.  S.  (VriHiw,  IIHX). 
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Water  powers  in  Alabama^  by  counties — Continued. 

PERRY  COUNTY. 


Name. 


Post-office. 


Indwttry. 


Henry  C.  Nichols ( I>obyne8     Theo Flour  and  grint  mill 

Creek). « 


MaryG.  Wallace  « 

llt^iger's  mill « 

W.  F.  Moopea 


Marion ! do 

Newbern , do 

Marion do 

f H»wnev'8  sawmill « Greensboro Lumber  and  timber 

.StevensonV  saw  and  water     Newbern ' do 

mills. « 


Lucinda  Washburn  (Tay- 
1<»TS  Creek).« 

W.  T.  Downey  ( limestone 

Creek) .  & 

James)  Wallace  (Legroane 
Creek). A 

I»r.  J.  B.  Tucker  (Taylors 
Creek  ).& 

Lucinda  Washburn  (Tay- 
loR*  Creek). '^ 

S.  M.  Boiling  (Branch  of 
Oakmulgee  Creek ).^ 

C.  C.  Cosby  (Oakmulgee 
Creek).'' 

Thomas  J.  Fountain  (Little 
Creek).* 

Pknn      Patterson     (Little 
Creek). ft 

Sarah     Fountain     (Little 
Creek). ft 

Tbaddens    Smith     ( Little 
Civek).& 

W.  M-  Eiland  (Fords  Mill 
Creek).  6 


Jericho ' do  . . 

Folsom Gristmill 

Jericho do  .. 


do do 

do I do 

I 

Pinetucky I do 

Perryville do 

Oakmulgee Gin,  saw,  and  grist  mill. 

do I do 

do do 

Active Gristmill 

Marion | do 

i 

Levert ' do 


J.  F.Morton  (Potato  Patch 
Creek),  ft 

Klijah      Smith       (Beaver     Bliss do 

Creek),  ft  I  I 

N<)ah  Coker  (Beaver  Dam  ,  Bethlehem do  .. 

Creek),  ft  ' 

W.  A.  Fountain  (Oakmul-  |  Oakmulgee I  Rice  mill 

gee  Creek)  .ft  i  ' 


Horee- 
power. 


20 

4 
15 

4 
15 
20 

18 
6 
8 
6 
8 
8 
8 
8 
8 
8 
8 

20 
6 
6 
6 

10 


a  From  U.  8.  C^eiiHiui,  1900. 


l»  From  report  of  prolmtc  jiwljfe. 
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Water  potoers  in  Alabama^  by  counties — Continued. 

PICKENS  COUNTY. 


Name. 


Post-office. 


Industry. 


Horse- 
I    power. 


Richardson  &  Prichards  . . .   Coalfire Flour  and  grist  mill 

James  Mullenix Gordo do 

H.  B.  &  A.  W.  Latham '  CarroUton do 

Slaughter's  mill j  Raleigh \ do 

W.  A.  Kerr Reform i  Lumber  and  tim^)er 


25 

6 
12 
16 
10 


PIKE  COUNTY. a 


M.  J.  Youngblood 

William  F.  Ingram 

Nancy    Cotton     (Cotton's 
mill) . 

Ely  Dees  &  J.  D.  Murphee. 

George  W.  King 

The  Lewis  mill 

McQuaggis  mill 

George  F.  Williams 

Slatting's  gristmill 

P.  A.  Motia 

Bowden  &  Daughtry 

William  E.  Brown 

G.  B.  Howard 


W.  W.  Dobson 

J.  H.  White  &  Z.  N.  Lipham 

Mrs.  Georgia  Gibbs 

Giles  mill , 

EppieM.  White 

Larkin  &  M.  B.  Taylor  . . . . 

Joseph  B.  Taylor 

Owins  mill 

Rogers  mill 

C.  A.  Prescott 

II.  A.  Merrill 

Elizabeth  H.  Merrill 

J.  E.  McCosh&Co 

William  S.  McCariey 

John  H.  Landers 


Youngbloml I  Flour  and  grist  mill 

Josie do 


Milo 


do 


Pronto do 

Goshen do 

Rodney  do 

Anslev ; do 

Tatum  do 

Henderson I do 

Wingard do 

Tennille ! do 

Josie :  -do 

Goshen do 


RANDOLPH  COUNTY,  a 


Weilowee. 
Clack  .... 
Wedowee. 
Ofelia  . . . . 
Bern  ice... 

I^mar 

Roanoke. . 
Potash  ... 
Ofelia  . . . . 
Wedowee. 
I.iamar  ... 
Micaville . 

Lime 

Graham  . . 
Ix)fty  .... 


Flour  and  grist  mill . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

....do 

....do 

....do 

....do 


110 
20 
12 

20 
30 
24 
15 

4 
25 

8 
16 
10 
20 


20 
11 
10 
10 


5 


24 
15 

8 
20 

6 
12 
40 
20 

8 


aFnun  U.  S.  Census.  1900. 
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Water  powers  in  AlabamOy  by  counHeM — Continaed. 
RANDOLPH  COUNTY  a— Continued. 


Name. 


Edwartl  Lavoom 

Thomas  J.  Lavoom 

Thomas  J.  Lavoorn,  er 

James  L.  &  JohnT.  Kavlor. 

Henry  C  Jordon 

J.  B.  Hammond 

T.  M.  Halaway 

Robert  H.  HarriB 

Dock  Hnckaby 

Holley's  mill 

E.C.  Heaton 

William  N.  (iladney 

A.  B.  East 

AdamsoD  <&  Kd  wartls's  mi  lis . 

Bailey  Mill 

F.  P.  Piarker  

John  C.  Murphy 

ELL.  Pool 

James  M.  Kitchens 

James  H.  Wright 

Adamson  &  Edwards 

William  W.  Brooks 

William  A.  Camp 

James  L.  &  John  T.  Kaylor. 

H.  H.  Stephens 

Samael  H.  Striplin 


P08t<ofllce. 


Weharlkee  cotton  mills 


Hawk 

Newell 

Kaylor 

Clack  ...., 

Sewell 

Tolbut 

Looina 

Almond 

Rock  Mills 

Hawk 

Roanoke  

Christiana 

Ofelia 

Haywood 

Foresters  Chapel 

Gay 

Happy  laud 

Rockdale 

Jeptha 

Ofelia 

Lofty 

Almond 

Kaylor 

Pencil 

Roanoke  


Rock  Mills 


Industry. 

Flour  an<l  iprint  mill . . 
do 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
.do 
.do 
.do 
do 
.do 


Lumber  and  timl)er . . 

do 

do 

do 

do 


Leather,   tanned,    cur- 
ried, and  finished. 

Cotton  floods 


Horse- 
power. 


8 
16 

8 
60 

6 

8 
15 
15 
10 
») 
10 
12 

2 
25 
12- 
10 

2 
20 

8 
12 
40 
15 
10 
20 
20 

6 

108 


RUSSKLL  COUNTY. 


Davis's  mill « 

IL  R.  Dudley" 

E.  M.   Anderson  (Water- 
melon Creek).* 


Flour  and  grist  mill 
Lumber  and  timbt»r 
Grist  mill  and  gin . . 


20 
40 
20 


a  From  U.  8.  Census,  19UU. 


6  From  report  of  probate  judge. 
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Water  powers  in  Alabama^  by  counties — (Continued. 

SHELBY  COUNTY,  a 


Name. 

Post-office. 

Industry. 

Horscv 
power. 

12 
20 

W.  C.  Denson 

Pelham 

Flour  and  grist  mill 

do 

William  H.  Schroder 

William  H.  Pledger 

Hendrick  &  Alverson 

David  A.  Whitfield 

Shelby 

Pelham 

do 

40 

Vincent  

do 

40 

Vandiver 

do 

10 

Brownings  mill 

Columbiana 

Lumber  and  timber 

30 

ST.  CLAIR  COUNTY,  a 


The  Yarbrough  mill. 

Hare's  mill 

John  R.  Dyke 

Perry  E.  Wyatt 

Henry  A.  Palmer  ... 
J.  M.  Mclaughlin.., 
The  Machen  mill  . . 
The  Lindwey  mill  . . , 

Hill  &  Foreman 

Henderson's  mill  . . . 
Helm  &  Truss  ...... 

Grout's  mills , 

The  Gilchrist  mill. . 

The  Cox  mill 

Rufus  W.  Beason  . . 
Rock  Bridge  mill 


Ashville... 

do  ..,. 

Wolfcreek . 
Coal  City . . 
Partlow  ... 
Springville 
Partlow  ... 

Ashville 

Springville 
Ragland . . . 

Helms 

Wolfcreek  . 
Ashville . . . 

do  .... 

Whitney  .. 
Gallant 


Flour  and  grist  mill 
do 


do 
do 
do 
do 
do 
.do 
.do 
.do 
.do 
do 
do 
.do 
do 


Lumber  and  timber  mill. 


SUMTER  COUNTY. a 


8 

8 
30 
10 
10 
25 
10 
10 
28 

5 
20 
10 

5 
10 
11 
20 


E.  B.  Heam   (Kinterbish 
Creek). 

R.  H.  Stephens  ( Kinterbinh 
Creek). 

R.  1).  Simmon8(T()omso()ba 
Creek). 

R.  W.  Shaw 


W.     IL     Walker     (Silver 
Creek). 

J.    U.    Gillespie   (Coatopa 
Creek) . 


Gaston 

Alamueluc  ., 

Bells  Station. 

Cuba , 

Alamuchee  ., 


Coatopa 


40 

20 

30 

10 
20 

10 


a  From  U.  8.  Census,  UXK). 
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Water  powers  in  Alabama ,  liy  counties — (k>ntinued. 
TALLADEGA  COUNTY. 


Name. 


Post-office. 


Fayette  ville 
Eastaboga  .. 
Tallafiega... 
Sunny  side . . 
Talladega... 
....do 


Jf  fferson  Roberaon  « 

J.  C.  Brock« 

Riser  &  Bro.« 

Shnck  E.  Jemison  « 

Vincenf  8  mill « 

O.  F.  Lottrello 

Riddle  inills& i  WaJdo  ... 

J.  F.  Smiths F^taboga 

John  W.  Thweatt« McFall.., 

J.  B.  Turner* I do  ... 

Alliaon's  mill  a Talladega . 

J.  F.  Smith« Eafitat)oga 

Cragdale  mill « Talladega . 

J.  B.  Turner" McFall... 


Priebes  mill  (Choccolcx^o     Jenifer  . 
Creek). a 

J.  F.  Smith's  mill  (Choc-     Oxford  , 
<-olocco  Creek ).« 

B.   Schmidt' fl  mill  (Choc-  |  Lincoln 
coloeco  Creek) . « 


QrtLififB  mill  (Choccolocco 
Creek). « 

Wilson's  mill  (Choccoloc- 
co Creek ).« 

Eureka  mills   (Choccoloc- 
co Creek ).« 

Turner's  mill  (CTiehawhaw 
Creek ).« 

Kants     mill      (^Talladega 
Creek). « 

Riddle's    mill     (Talladega 
(^reek).« 

Taylor's    mill    (Talladega 
Oreek).« 

Revnoid's  mill  (Talladega 
Creek).« 

-Vlliaon's    mill    (Talladega 
Creek ).« 

Duncan's  mill  (Talladega 
Creek).* 

Baker's    mill     (Talladega 
Creek).* 

Vincent's    mill    (Crooked 
Creek).* 


Industry, 


Horw- 
powcr. 


Flour  and  grist  mill . 
do 


.do 
.do 
.do 
do 
do 
do 
do 
do 
.do 


Oxford 

Jenifer 

Eureka 

McFall 

Chandler  Springs. 

Waldo 

Talladega 

Nottingham do 

Talladega \ do 

Alpine do 

Kymulga do 

Sylacauga 

a  From  report  of  probate  judge. 


Lumln^r  and  tindxT i 

do ' 

do ' 

(tristmill 


do 
do 
do 
do 
do 
do 
do 
do 
do 


do  . 


10 
12 
40 
15 
25 
40 
16 
40 
12 
15 

m 

40 

40 

20 

200 

225 

200 

150 

150 

150 

150 

50 

75 

150 

150 

7f5 


75 


100 
50 


236 


WATEB  P0WEB8   OF  ALABAMA. 


[no.  107. 


Water  powers  in  Alabama^  hy  counties — Continued. 
TALLEDEGA  COUNTY— Continued.  . 


Name. 

Poet-oiRce.                               Industr>'- 

1 

Horse- 
power. 

Oden'smill  (Short  Creek)«. 

Jemison's      mill      (Kelly 
Creek). a 

Camp  &  Sons'  mill   (Salt 
Creek). « 

Robinson's     mill     (Cedar 
Creek  ).o 

Lackey's     mill     (Horse 
Creek). a 

Talladega  Company  (Choc- 
colocco  Creek ).« 

Sylacauea 

Gristmill 

75 

Sunn  vside 

do 

50 

Hopeful 

do 

50 

m 

Favetteville 

do 

50 

Ironaton 

do 

25 

Talladega 

Organized    for   electric 
transmission. 

TALLAI»OOSA  COUNTY-fc 


George  Stewart 

John  W.  Britt 

Benjamin  F.  Jarvis 

T.  J.  Hamlet 

T.  W.Whitman 

Sanford  Milling  and  Manu- 
facturing Co. 

JohnW.  Hay.... 

John  B.  Calhoun 

Hammond's  mill 


H<Mlnett   grist    and    flour 
mill. 

Thomas  L.  Bulger 

Vines  mills 

A.  T.  <feH.  C.  Viokers 

J.  C.  Street 

Shephanl  Bros.  &  Co 

G.  W.  Stewart 

All^ert  J.  HoUawav 

Mrs.  Milliner 


Thaddeus '  Flour  and  grist  mill 

Jacksons  Gap do 

Yates do 

Hamlet .<io 


Dadeville 
do  ... 


.do 
.do 


Camphill do 

Camphill I do 


Dadeville , 
Acrme 


do 
do 


Dadeville ' do 


do 
do 


Kaston 

Newsite 

Anniston do 

Tohopeka do 

Thaddeim do 

Alexander I do 


Mary do 

Jno.  L.  Patterson '  Hackney ville do 

Thomas  B.  (iriffiin [  Matilda , do 

Daviston  mill Daviston do 

I^m berth  <fe  Dewi)erry I^)gpit ' do 

Silver  Shoaln  mill I  ButtMon do 

M.  R.  Hays  &  Bro Nota.sulga i do 

a  From  niMirt  of  probato  judge.  b  From  U.  S.  Conmis,  1900. 


12 
20 
12 
15 
20 


15 

8 

20 

16 

15 
40 
20 


25 


10 
25 
20 
25 
12 
10 
8 
20 
80 
40 
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Water  poivers  in  Alabamay  by  eounties — Continued. 
TALLAPOOSA  COUNTY— <^onUnued. 


Name. 


Farrows    flour    &nd    grist 
mill. 

J.  H.  Yarbrough 

T.  F.  Ciarnett 

<;.  W.  Stewart 


Pu«t-office. 


Susanna 


Hackney  ville 

Tallassee 

Thaddeua. 


InduRtry. 


Horse- 
powtT. 


Flour  and  grut  mill 


WINSTON  COUNTY. 


Kichanl  IT.  Blakeo 

Thomas  O.  Partridge  « 

Wni.    D.    Shailix    (Sandv 
Greek). a 

lieonseD.  Wilsona 

Manna  A.  Posey  « 

Martin  A.  &  Martha  Peak  ^ 

Miligan  mill « 

James  Cantrell^* 

Barks  mill  ^ 

Xanvoo  mill    (Blackwater 
Creek) .  6 

Anderson  Ward  mill  (Clear 
Creek),  ft 

J.    Calvin     Cagle     (Clear 
Creek  ).«> 

Jonathan      Barton      mill 
(Clear  Creek). * 

Hadder  mill  ( Clear  Creek )  «>. 

Posey  mill  (Clear  Creek ) * . .• 

S.  D.  Spain  (Clear  Creek)  &. , 

Gus    Posey    mill    (Clear 
Creek). 6 

Wm.       Dodd       (Splunge 
Creek).& 

Kelley    mill    (Blackwater 
Creek). 6 

Peaks    mill     (Grindstone 
Creek),  ft 

Jack  Curtis  (Sandy  Creek )  ft . 

Manley     Playne     (Beech 
Creek),  ft 

Christian   mill   (Christian 
Creek),  ft 


Houston Flour  and  grist  mill 

Elk ' do ' 

Double  Springs ' do 

Haleysville do 


Motes I do 

Peaks  Mill do 

Double  Springs ! do 

Addison ' do 

Cranal do 

Nauvoo ,  Grist  mill  and  gin 


Ilalevsville 


Double  Springs. 


Flour  and  grist  mill 


Saw,  flour,  and  grist  mill 
and  gin 

Deer Gristmill 


Double  Springs 

Motes 

Malta 

Elk 


Natural  Bridge. 


Lvnn 


Peaks  Mill. 


Double  Springs. 
Gumpond 


Peaks  Mill. 


do 


(iristmill,  saw,  and  gin.; 

do 

do 


.do 

.do 

.do 

do 
.do 


(irist  and  saw  mill, 


60 

12 
2() 
20 


8 

10 

4 

8 
10 
10 
10 

4 
10 


a  From  U.  S.  Census,  1900. 


b  From  report  of  probate  judge. 


APPENDIX. 


STREAM  MEASUREME1ST:'8  IN  MISSISSIPPI. 

In  the  foregoing  sections  (pp.  167-175,  179-180)  have  been  inchidec] 
discharge  measurements,  gage  heights,  and  estimates  of  flow  at  Colum- 
bus, Miss.,  on  Tombigbee  River,  which  flows  into  Alabama,  and 
Luxapailila  Creek,  which  flows  out  of  Alabama  into  Mississippi. 

The  following  is  a  statement  of  the  hydrographic  work  on  the 
.  remaining  important  streams  of  Mississippi,  exclusive  of  Mississippi 
River: 

PEARL  RIVER  AT  JACKSON,  MISS. 

This  station  was  established  June  24,  1901,  and  is  situated  at  the 
highway  bridge  2  miles  from  the  union  station  at  Jackson  and  one- 
eighth  mile  above  the  Alabama  and  Vicksburg  Railway  bridge. 

The  gage  is  a  wire  gage  fastened  to  the  guard  timber  on  the  down- 
stream side  of  the  bridge.  The  rod  is  10  feet  long,  graded  to  feet  and 
tenths,  and  is  marked  with  staples  and  brass  figures.  Above  10  feet 
the  guard  timber  is  marked.  The  bench  mark  is  the  downstream  end 
of  the  top  of  the  iron  crossbeam  120  feet  from  the  right-bank  end  of 
the  bridge,  which  latter  is  the  initial  point  for  soundings.  The  ele- 
vation of  the  bench  mark  is  39  feet  above  datum.  The  bridge  floor 
at  the  same  point  is  -10.15  feet  above  datum. 

The  observer  is  James  Hurst.  The  following  discharge  measure- 
ments were  made  by  K.  T.  Thomas,  M.  R.  Hall,  and  others: 

Discharge  meamiremenls  of  Pearl  River  at  Jacksoriy  Muss. 


Date, 

Gage 
height. 

DiHcharge. 

Sccond-fcet. 

430 

1,880 

262 

193 
290 

Date. 

1903. 
March  10 

Gaffe 
height. 

Feet. 

24.00 

4.15 

5.37 

.80 

.78 

Discharjf**. 

1901. 
Jnne24 

Feet. 
2.10 
5.  85 
1.  55 

1.10 
.90 

Sfcond-ftfi. 
16.  050 

AugtiFtlS 

July  13 

1,348 

October  28 

Julv  14 

l,98tS 

1902. 

September  24 

Do 

128 
142 

July  14 

September  25 

238 
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Dailt/  tjage  height,  infeetf  of  Pearl  River  at  Jarkwm^  Miiw. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 
June. ' 

1 

1 

July. 

1.90 
1.70 
l.HO 
l.HO 
1.70 
l.HO 
l.HO 
l.HO 
l.HO 
l.HO 
l.HO 
l.HO 
l.HO 
1.60 
l.HO 
1.70 
1.70 
1.70 
1.70 
1.60 
1.70 
1.70 
1.70 
l.HO 
2.20 
2.00 
1.90 
1.90 
l.SO 
l.HO 
1.60 

1.30 
1.30 
l.:W 
1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.30 
3.50 
3.00 
1.20 
1.20 
1.-20 
1.30 
1.30 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.40 
1.40 
1.40 
1.10 
1.10 
1.40 

Aujf. 

1.50 

1.50 

1.50 

1.40 

1.30  t 

1.30  1 

1.20 

1.'20 

1.20 

1.20  ' 

1.20 

1.'20  ' 

1.30  ' 

1.10 

1.60 

l.HO  ' 

2.10 

2.60 

3.70 

4.50 

6.00 

6.:w 

7.40 
1     7.40 

7.30 

7.30 
;  7.40 
1    7.60 

6.90 
1    6.90 

6.70 

1.30 
1     1.20 

1.70 
1     1.70 

1.60 

1.60 
1     1.40 

1.40 
,     1.40 

1.40 
'  1.40 
;  1.40 
1    1.40 

1.30 

1.30 

1.30 

1.20 
1  1.-20 
,     1.10 

1.10 

>    1.10 

!     1.10 

.90 

1.00 

.      .90 

.HO 

'     1.00 

2.:;0 
,  4.50 
'     7.20 

7.40 

Sept. 

5.90 

5.70 

5.60 

6. 40  ; 

5.20 

4.70 

3.90 

3.50 

3.20 

3.00 

2,00 

2.60 

2.50 

2.30 

2.30 

2.60 

2.  HO 
3.40 
3.40 
3.60 

3.  SO 
3.70  1 
3.50 
3.10 
2.20 
2.40 
2.50 
2.50 
2.30 
2.10 

7.90 

4.  HO 
3. 60 
3.40  1 
3.20  1 
2.50 
3.90 
3.  HO 
3.60 
3.50 
3.(iO 
3.50 
3.50 
3.90 
3.70 
3.60 
3.40 
8.00 
2.90 
2.60 
2.40 
1.00 
1.20 
1.20 
1.10 
1.30 
1.30 
1.40 

'     1.60 
1     l.HO 
1 

Oct. 

1.90 

l.HO  1 

1.60 

1.40 

1.50 

1.60 

1.50 

1.50 

1. 40 ; 

1.  10  ' 
1.30 

1.  10  , 
2.00  1 
3.00  , 
3.  10 
3.40 
3.00 
2.10 
2.30 
2.10 
2.00 
1.90 
1.80 
l.HO 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.10 

1.90 
2. 00 
2. 40 

2.  SO 
3.00 
6.(>0 
3. 20 
3.10 
2.90 

2.:w 

2.30 
2.60 
2.(iO 
2.  HO 
3. 0(3 
3.20 
3.:i0 
3.60 
3.50 
3.30 
3.20 
2.00 
1.90 
1.80 
1.50 
l.oO 
1.10 
1.30 
1.20 
1.10 
1. 10 

Nov. 

1.40 
l.'M 
1.30 
1.40  ■ 
1.20 

1.00  ! 

1.30 
1.50 
l.H*)  , 
l.HO  ' 
1.60  ' 

i.m  1 

1.60  ' 

1.60 

1.50 

l.V) 

1.50 

1.50 

1.50 

l.tJO 

1.60 

l.HO 

1.90 

2.10 

2.40 

2.70 

3.80 

3.50 

3.70 

3.70 

— 

1.00 
1.00 

l.(» 

1.00 
1.10 
1.00 
l.W) 
1.00 
1.20 
1.20 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.20 
1.20 
1.20 
1.10 
l.HO 
1.70 
l.HO 
1.70 
1.60 
1.60 
2.  (JO 

1 

Dec. 

1901. 

3.50 

2::::::::::::::  :::  1 

::::::::::::::, :::::::i 

' 

3.30 

3 

;      !.'.;■       1 

' 

3.40 

4 

1 

1 

3.20 

^ 

3.30 

t»  ._....__ 

, 

8.30 

4  •••.«.•••..■.■. ..*•.* 

3.20 

«i 

1 

8.40 

9 

1 

1 

3.90 

10 • 

4.20 

11 1 

1 

6.40 

12 1 

, 

1 

5.  HO 

13 ' 

6.40 

14 

■ 

10.00 

15.. 1 

14.90 

16 1 

...... .| 

I 

.....  1 

15,00 

17 

1 

15.20 

IS 

' 

1 

1 

16.90 

1*> 

16.  40 

J!  I     

1 

15. 00 

21  ..       

14.60 

•»                

1 

14.30 

23 

1 

13.20 

24 

2.10 
2.10 
2.00 
2.00 
1.90 
2.00 
2.10 

12. 60 

^ 

! 

12. 70 

26 

1 

11.90 

27 

11. :« 

1 

10.60 

29 



13. 00 

30 

14.60 

31 



15. 00 

1902. 

I 

2 

15.00 

15.20 

15. 10 

15.00 

14.80 

14.50 

14.20 

13.90 

13.40 

12.60 

11.80 

10.  HO 

10.00 

9.10 

8.10 

8.00 

7.90 

6.70 

5.40 

6.10 

5.40 

6.60 

5.80 

6.40 

6.90 

6.20 

7.00 

7.10 

7.20 

8.50 

10.10 

13.90 

16.60 

17.10 

18.30 

IK.  60 

18.40 

18.30 

18.20 

17.00 

17.70 

17.60 

17.40 

16.90 

15.80 

14.30 

12.60 

10.90 

9.70 

9.00 

8.60 

8.30 

8.20 

8.80 

9.00 

10.70 

11.40 

11.60 

12.30 

i 

13.00 
13.00 
13.00 
13.20 
13.40 
13.70 
14.00 
13.80 
13.60 
13.20 
12.  GO 
12.20 
11.70 
11.90 
10.30 
9.90 
10.60 
10.60 

37.20 
36.20 
31.60 
33.10 
32.00 
31.00 
30.10 
29.10 
28.10 
27. 10 
26.30 
25.60 
24.80 
24.40 
24.00 
23.50 
23.00 
22.30 

6.00 
5.90 
5.60 
5.10 
4.90 
4.80 
4.60 
4.30 
4.00 
3.90 
3.50 
8.20 
3.20 
3.10 
3.00 
2.10 
2.80 
2.60 
3.00 
2.90 
2.80 
2.60 
2.80 
3.00 
3.00 
2.80 
2.70 
2.60 
2.60 
2.10 
2. 20 

2.20 

2. -20  , 

2.10 

2.00 

2.00  ' 

1.90 

1.90 

l.HO  ' 

1.80 

l.HO 

l.HO 

1.70 

1.70  . 

1.70  ' 

1.60 ; 

1.60 
1.50  1 
1.50  , 
1.50 
1.40  1 

i.:»  , 

1.30 
1.30  1 
1.40 
1.40  , 
1.30 
1.30 
1.30 
1.30  ' 
1.30 

1 

3.10 
4.60 

3 

4.10 

4 

5 

6 

5.:«) 
5.  HO 
6.30 

7 

6.  HO 
6.40 

9 

6.(N) 

10 

5.  HO 

11 

6. 70 

5.  eiO 

13 

14 

6.  :o 

5.70 

15 

1     5. 10 

10.60 

17 

1  10.70 

'  10.50 

19 

10.50  !  21.20 

1  11.10 

10.00 
9.90 

19.50 
17.20 

11.30 

21 

'  11.60 

9.90 

14.00 

,  12.20 

23 

9.90 

11.10 

12. 20 

10.80 

9.30 

1  11.90 

25 

12.90  '    8.10 
13.H0  1     7.20 
22. 70       7. 10 
28.55       6.50 
30.40       6.40 
32.10  '    fi-20 

,  11.70 

26 

11.  10 

27 

10.  HO 

10.00 

29 

10.90 

H.OO 

31 

36.50 

1    9.90 
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Daily  gage  height^  infeety  of  Pearl  River  at  Jackson^  Miss, — Continued. 


Day. 


1 
2 
3 
4 
6 
6 
7 


1903. 


Jan. 


10.90 
13.80 
14.90 
15.20 
15.80 
16.60 
16.00 


8 1  16.00 

9 ,  15.90 

10 1  15.60 

11 '  15.60 

12 1  15.40 


13 
14 
15 
16 
17 
18 
19 


14. 
14. 


00 
60 


13.80 
13. 40 
13.10 
13.20 
13.10 


20 13.00 

21 12.50 


22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


11.10 
10.40 


9.50 
8.40 
8.90 
7.80 
7.30 
6.80 
6.50 
6.60 


Feb. 

Mar. 

Apr. 

6.7 

26.0 

12.6 

7.4 

25.1 

10.9 

12.2 

24.2 

9.8 

13.4 

28.0 

9.2 

14.6 

22.4 

8.6 

15.8 

21.8 

7.8 

19.0 

21.6 

7.1 

23.0 

21.6 

6.7 

28.4 

23.5 

6.1 

24.6 

23.9 

5.7 

27.5 

24.7 

5.2 

80.4 

24.9 

5.0 

32.5 

25.2 

5.8 

33.7 

25.4 

4.6 

33.5 

25.7 

4.4 

33.2 

25.9 

4.8 

33.1 

25.9 

4.5 

32.8 

25.8 

4.7 

32.3 

25.8 

4.6 

31.5 

24.6 

4.5 

30.9 

23.7 

4.8 

30.9 

23.7 

4.2 

30.1 

23.4 

4.0 

30.0 

22.8 

8.8 

29.8 

21.9 

3.6 

28.7 

20.9 

8.4 

27.6 

19.6 

3.2 

26.7 

18.0 

8.0 

16  5 

2.9 

15.8 

2.8 

13.8 

May. 


2.8 
2.7 
2.6 
2.« 
2.6 
2.5 
2.4 
2.4 
2.5 
2.6 
2.4 
2.4 
2.5 
2.6 
2.8 
3.0 
8.1 
3.5 
4.0 
4.4 
4.5 
4.2 


3. 
3. 
3. 
3. 


3.3 
3.1 
3.5 
2.7 
2.5 


June. 


2.3 
2.3 
2.2 
2.2 
2.1 
2.2 
2.2 
2.3 
3.5 
8.4 
2.5 
2.4 
2.8 
2.8 
2.4 
2.5 
2.3 
2.2 
2.1 
2,0 
1.9 
1.8 
1.7 
1.6 
1.7 


July. 


1.7 
1.8 
1.8 
1.9 
2.0 
2.1 
2.2 
2.8 
2.4 
2.5 
2.7 
2.8 
2.7 
5.3 
4.6 
4.3 
8.8 
2.7 
2.5 
2.4 


Aug. 


2. 
2. 
1. 
1. 
1. 
1. 


1.5 
1.4 
1.3 
1.2 
1.2 


2.0 
2.0 
1.8 
1.7 
1.5 
1.6 
2.5 
2.6 
2.8 
2.9 
8.5 
4.4 
4.5 
4.6 
4.6 
4.5 
4.6 


4. 
4. 
4. 
5. 
4. 
4. 
4. 
4. 


8.8 
3.4 


3. 
2. 


2.5 
2.3 


Sept. 


2.2 

2.0 

1.9 

1.8 

1.6 

1.6 

1.5 

1.3 

1.2 

1.2 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 

.9 

.9 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 


Oct,     Nov. 


0.7  : 
.7 
.7 
.7 
.7 
.7 
.7 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.6 
.6 
.6 
.6 
.5 
.6 
.5 
.5 
.4 
.3 
.3 


0.3 
.8 
.3 
.8 
.8 
.3 
.8 
.3 
.3 
.3 
.3 
.8 
.3 
.8 
.3 
.3 
.8 
.3 
.3 
.3 

•'    1 

.3    I 

.8 

.3    I 

.8 

.3 

.8 

.3 

.3 


Dec. 


0.3 
.3 

.:i 

.3 
.  4 
.5 

.5 
.S 
.9 
.9 
l.O 
1.0 
1.0 
1.0 
1.-2 
1.2 
1.3 
1.3 
1.3 
1.3 
1.8 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
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Rating  table  for  Pearl  Ritrr  <U  Jackson^  Mm,,  ftrr  1901,  190J,  and  Joas. 


beiirlit.   ' 

hei|(ht. 

IHichargt'. 

(iaifc 
height. 

DlM'haiKt'. 

1 

hoight. 

Dim'harge. 

FireL 

Second-/tH. 

Fai. 

Second-ffft. 

Fe€t. 

1 

1 
Srcorui/frt. 

f>rt. 

StTtmd-/rtt. 

0.30 

98  , 

4.90 

1,730 

9.50 

4,860 

14.  U) 

8,310 

.40 

io:i 

5.00 

*i 

790 

9.60 

4, 9:55 

14.20 

8,  385 

.50 

109 

5.10 

*  1 

850 

9.70 

5,010 

14.30 

8,460 

.60 

117 

5.20 

1) 

910 

9.80 

5,  085 

14.40 

8, 535 

.70 

126 

'      5. 30 

'i 

970 

9.90 

5,160 

14.50 

8,610 

.80 

136 

5.40 

2, 

030 

10.00 

5, 2:y> 

14.60 

8,685 

.90 

148 

5.50 

2, 

090 

10.10 

5,310 

14.70 

.   8,760 

1.00 

162 

5.60 

2, 

150 

10.20 

5,385  1 

14.80 

8,835 

1.10 

177 

5.70 

2 

,210 

10. :» 

5,460 

14.90 

8,910 

1.20 

194 

5.80 

2, 

,270 

,     10. 40 

5, 5:^5 

15.00 

8,983 

1.30 

,            214 

5.90 

2, 

,330 

10.50 

5,610 

15. 10 

9,060 

1.40 

235 

6.00 

2, 

,390 

10.60 

5,685 

15.20 

9,135 

1.50 

257 

6.10 

2, 

450 

10.70 

5,760 

15. 30 

9,210 

1.60 

280 

1      6.20 

2, 

,510 

10. 80 

5,836 

15.40 

9,285 

1.70 

305 

6.30 

2, 

570 

10. 90 

5,910  ' 

15.50 

9,360 

1.80 

333 

6.40 

2, 

,«« 

11.00 

5, 985 

15.60 

9,435 

1.90 

365 

6.50 

1 

2, 

,695 

11.10 

6,060 

15.  70 

9,510 

2.00 

398 

6.60 

2, 

,760 

11.20 

6,  i:i5 

15.80 

9,585 

2.10 

432  , 

6.70 

2, 

,825 

11.30 

6,210 

15.90 

9,660 

2.20 

467  ! 

6.80 

2, 

,890 

11.40 

6,285  ' 

16.00 

9,735 

2.30 

503 

'      6.90 

2, 

,955 

'     11.50 

6,360 

16.50 

10,135 

2.40 

540 

7.00 

3, 

020 

11.60 

6,4:«  1 

17.00 

10,  536 

2.50 

580 
620 

7.10 

3, 

090 

11.70 

6,510 

17.50 

10, 935 

2.60 

7.20 

3, 

,160 

11.80 

1 

6)585  , 

18.00 

11,365 

2.70 

660  , 

7.30 

3, 

,230 

11.90 

6,660 

18.50 

11,735 

2.80 

700 

7.40 

3, 

,300 

12.00 

6,735  1 

19.00 

12,135 

2.90 

740 

7.50 

3, 

,370 

12.10 

6,810  , 

19.50 

12, 535 

3.00 

785 

7.60 

3, 

,440 

12.20 

6,885  \ 

19.80 

12,935 

3.10 

830  ' 

7.70 

3 

,510 

'     12.30 

6,960 

19.90 

13,336 

3.20 

875 

,      7.80 

3, 

585 

12.40 

7,035  . 

21.00 

13,736 

3.30 

920  1 

7.90 

3, 

660 

1     12.50 

7,110  i 

22.00 

14,535 

3.40 

965  , 

i      8.00 

3, 

735 

•     12.60 

7,185 

23.00 

15,335 

3.50 

1,010 

8.10 

3 

,810 

12.70 

7,260 

24.00 

16,135 

3.60 

1,055 

8.20 

3, 

,885 

12.80 

7,335 

25.00 

16,935 

3.70 

1,100  1 

8.30 

3, 

960 

12.90 

7,410 

26.00 

17,735 

3.80 

1,150 

8.40 

4 

,035 

13.00 

7,485 

27.00 

18,535 

3.90 

1,200 

8.50 

4, 

110 

'     13. 10 

7,560 

28.00 

19,335 

4.00 

1,250 

8.60 

4, 

185 

13.20 

7,635 

29.00 

20, 135 

4.10 

1,300 

8.70 

4, 

,260 

13.30 

7,710 

30.00 

20,  935 

4.20 

1,350 

8.80 

4, 

,335 

13.40 

7,785 

31.00 

21,735 

4.30 

1,400  ' 

8.90 

4, 

410 

13.50 

7.860 

32.00 

22,535 

4.40 

1,465 

9.00 

4, 

485 

13.60 

7,935 

33.00 

23,  335 

4.50 

1,510 

9.10 

4, 

560 

13.70 

8,010 

34.00 

24,135 

4.60 

1,565 

9.20 

4, 

635 

13.80 

8,085 

4.70 

1,620 

9.30 

4, 

710 

13.90 

8,160 

4.80 

1,675 

9.40 

4, 

785 

14.00 

1 

8,235 

- 
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Estimated  monthly  discJiarge  of  Pearl  River  at  Jackson^  Miss, 


Dischaixe  in  Heeund-fcet. 


Month. 


Minimun. 


1903. 

January  

Febmarj' 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Mean. 


7,0S2 
17,421 
15, 162 

2,  2(V> 
821 
4f58 
558 

1 ,  02n 

197 

115 

*»8 

178 

3,  7H2 


Net  horsepower  per  foot  of  fall  with  a  turbine  efficiency  of  80  per  cent  for  the  minimum 

monthly  discharge  of  Pearl  River  at  Jackson,  Miss. 


1901. 


Month. 


Minimum 
discharge. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November 
Deceml)er . 


Sec-feet. 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


398 

36 

280 

25 

194 

18 

398 

36 

235 

21 

194 

18 

875 

80 

Dura- 
tion of 
mini- 
mum. 


Days. 


3 
3 
6 
1 
5 
1 
2 


1902. 


Minimum 
discharge. 


Sec. -feet. 

1,850 

3,885 

5,160 

2,510 

432 

214 

177 

136 

162 

177 

162 

830 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall 


Dura- 
tion of 
mini-  i 
mum. 


Minimum 
discharge. 


1908. 


Mini- 

T,er  ^"™- 

power  !  "^."il- 
perfoot  °'"™- 
of  fall.  I 


168 

353 

469 

228 

39 

19 

16 

12 

15 

16 

15 

75 


Days. 
1 
1 
4 
1 
1 
9 
6 
1 
1 
2 
7 
1 


Sec-feet. 

2, 695 

2, 825 

8,085 

700 

540 

280 

194 

257 

136 

98 

98 

98 


i  245 
257 
735 
64 
49 
25 
18 
23 
12 
9 
9 


9 


Dafff. 
1 
1 
1 
1 
4 

1 
»> 

1 

12 
2 

30 
4 
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YAZOO  RIVER  AT  YAZOO  CITY,  MISS. 

A  gage  has  been  maintained  at  this  point  l)y  the  Engint^er  X'^>r{>s  of 
the  Ann3'.  It  was  i-eplaced  in  19()1  by  a  new  gage  rod  in  three  avc- 
tions,  marked  with  brass  figures  and  brass  tacks,  tlie  sections  l)eing 
placed  as  follows:  The  lowest,  marked  from  —3  to  +4.5  feet,  is  att^iehed 
to  the  protecting  work  of  the  bridge;  the  middle  section,  marked 
from  4.5  to  18.5  feet,  is  attached  to  the  piling  that  protects  the  ])ridge 
pier;  the  uppermost  section,  continuing  the  graduation  up  to  32.3 
feet,  is  on  a  post  under  the  approach  to  the  bridge.  The  highest 
known  water  oct»ur red  in  1882,  reaching  a  gage  height  of  36.5  feet; 
the  lowest  occurred  on  Octol)er  15  to  17  and  20  to  22,  ISJH),  with  a 
{»age  height  of  —2.8  feet.  The  danger  line  is  at  25  feet.  A  bench 
mark  was  established  on  the  top  of  the  upstream  cylinder  of  the  sec- 
ond pier  from  the  left  bank,  at  a  distance  of  85  feet  from  the  initial 
point  for  soundings,  which  is  on  the  downstream  end  of  iron  bridge 
on  the  left  bank.  The  elevation  of  the  mark  is  35.85  feet  above  the 
zero  of  the  gage.  Other  important  l)ench  marks  in  Yazoo  City  are 
the  following:  P.  B.  M.  12,  Yazoo  City,  is  a  copper  bolt  in  stone 
underground,  surmounted  by  an  iron  pipe  and  cap,  in  the  north  cor- 
ner of  the  county  court-house  yard.  It  is  44.1  feet  above  the  zero  of 
the  gage  and  116.2  feet  above  mean  sea  level.  P.  B.  M.  13,  Yazoo 
City,  is  a  copper  bolt  in  a  stone  underground,  surmounted  by  an  iron 
pipe  and  cap,  in  the  north  corner  of  the  public  school  yard,  near 
Wa.shington  and  Main  streets.  It  is  29.2  feet  above  the  zero  of  the 
gage,  and  101.3  feet  above  mean  sea  level.  Discharge  measurements 
are  made  by  the  United  States  Geological  Survey  from  the  city  toll 
bridge,  one-half  mile  northwest  from  the  Illinois  Central  station.  The 
observer  is  P.  C.  Battaille.  Daily  gage  heights  are  furnished  by  the 
Weather  Bureau. 

The  following  measurements  were  made  by  K.  T.  Thomas,  M.  R. 
Hall,  and  others: 

Discharge  measurements  of  Yazoo  River  at  Yazoo  City^  Miss. 


Date. 


1901. 

March  9 

April  12 

Jane  22 

1902 

Jalyl2 

Jalvl4 


Discharge. 


Secondr/eet. 

11,618 

11,  779 

3,936 

2,887 
3,672 


Date. 


Gaffe 

height. 


1902. 
September  24. 
September  25. 

1903. 
July  13 


Feet. 
-1.0 
-1.0 

5.80 


September23 --2.00 


Discharge. 

Sccond-fcft. 
2,108 
2,048 

4,  755 
1,623 
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DaUtj  gage  height^  in  feet,  of  Yazoo  River  (U  Yazoo  Cilg,  MiMt. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Auk. 

Sept. 

(K-t. 

Nov. 

4 

1900. 

1 

5.0 

1.0 

15.0 

19.7 

22.9 

8.0 

21.1 

18.7 

0.6 

1.6 

9.6 

y.  r. 

2 

4.6 

.7 

15.0 

19.5 

22.9 

9.5 

21.2 

18.2 

.6 

1.5 

9.6 

y. »» 

3 

4.3 

.4 

15.0 

19.2 

22.9 

8.1 

21.8 

17.8 

.6 

1.4 

9.6 

lO.  O 

4 

4.0 

.4 

15.3 

18.8 

22.9 

8.3 

21.4 

17.4 

.7 

.       1.2 

9.5 

i    10.  :j 

6 

3.5 

.4 

15.4 

18.5 

22.8 

8.6 

21. 5 

17.0 

.7 

1        .9 

5.3 

!    io.% 

6 

3.0 

.3 

16.4 

18.1 

22.7 

9.4 

•    21.6 

16.6 

.6 

.6 

9.2 

1       lO.  H 

7 

2.4 

.2 

15.5 

17.6 

22.6 

10.3 

21.7 

16.0 

.4 

2 

9.0 

'     U.l 

8 

1.7 

.2 

liJ.O 

17.0 

22.4 

11.0 

21.9 

15.5 

.1 

.1 

8.8 

11.  r» 

9 

1.2 

1.1 

16.1 

16.4 

22.3 

11.6 

1    22.0 

14.7 

.9 

.3 

8.5 

11.7 

10 

.9 

1.6 

16.2 

15.6 

22.0 

12.0 

22.1 

13.7 

.9 

.5 

8.1 

11 .  i» 

11 

1.3 

2.0 

16.3 

17.6 

21.7 

12.6 

22.1 

12.9 

.8 

.7 

7. 7 

rj.o 

12 

1.3 

3.2 

16.4 

17.2 

21.4 

13.1 

22.1 

11.7 

.8 

7.3 

12-  1 

13 

1.0 

4.9 

16.5 

17.0 

21.0 

13.9 

22. 1 

10,5 

.7 

.6 

6.8 

iii.  '2 

14 

1.0 

6.0 

16.5 

17.0 

20.7 

17.6 

22.1 

9.2 

.6 

.5 

6.2 

1'2  '2 

15 

1.6 

6.9 

16.5 

17.2 

20.3 

17.8 

•22.0 

7.8 

.5 

.3 

5.5 

12.  O 

16 

2.1 

7.5 

17.0 

17.6 

20.0 

17.6 

21.9 

6.5 

.4 

.1 

4.7 

11.7 

17 

2.5 

8.0 

17.2 

21.5 

19.6 

17.7 

21.9 

5.3 

.3 

.8 

8.9 

11.5 

18 

2.8 

8.3 

17.3 

24.4 

19.2 

18.1 

21.8 

4.8 

.2 

.8 

3.2 

11.1 

19 

3.0 

8.5 

18.8 

21.8 

18.6 

18.8 

21.6 

8.5 

.1 

.9 

2.6 

10.7 

20 

8.3 
3.5 

8.S 
9.9 

19.5 
19.5 

22.0 
22.0 

18.0 
17.4 

19.1 
19.8 

22.3 
22.0 

2.8 
2.4 

.1 
.6 

1.0 
.9 

2.1 
1.6 

11-S 

21 

11.1 

22 

3.6 
8.7 
3.7 

10.5 
11.0 
11.4 

19.8 
20.0 
20.2 

22.0 
22.2 
22.2 

16.6 
16.0 
15.0 

20.0 
20.0 
20.2 

21.5 
21.2 
20.0 

2.0 
4.7 
1.4 

.5 
.6 
.7 

1.8 
1.4 
1.2 

1.4 
2.2 
3.6 

10.  7 

23 

lO  5 

24 

lO.  5 

26 

8.6 

12.1 

20.6 

22.2 

13.8 

20.8 

20.6 

1.2 

.0 

1.9 

5.0 

10.  .=i 

26 

3.4 
8.1 
2.7 
2.3 
1.8 
1.4 

12.4 
12.5 
14.4 

20.5 
20.5 
20.6 
20.3 
20.2 
20.0 

22.2 
22.3 
22.3 
22.9 
23.0 

12.7 

11.6 

10.4 

9.2 

8.0 

7.1 

20.5 
20.8 
20.8 
20.9 
21.0 
....... 

20.5 
20.4 
20.2 
19.9 
19.4 
.    19.0 

1.0 
.9 
.8 
.7 
.6 
.6 

.4 

.9 

1.8 

1.5 

1.6 

3.9 
6.0 
7.1 
8.0 
8.7 
9.1 

6.2 
7.0 
8.0 
8.6 
9.1 

1(>  .'» 

27 

10  '2 

28 

10  8 

29 

11    1 

30 

11.4 

31 

11.7 

1901. 

1    

11.8 
11.9 
12.1 
12.2 
12.3 
12.4 
12.4 
12.4 
12.4 
12.4 

16.8 
16.7 
17.7 
18.2 
17.8 
17.6 
17.6 
18.0 
17.7 
17.8 

16.4 
16.0 
15.6 
15.1 
14.7 
14.1 
13.4 
12.6 
11.8 
12.0 

16.5 
16.4 
16.2 
16.0 
15. 6 
15.3 
14.9 
14.5 
14.2 
13.9 

16. 6 
16.6 
16.5 
16.3 
16.0 
15. 8 
15. 6 
1.5.5 
15.4 
15.2 

9.0 
8.1 
7.6 
7.6 
7.4 
7.2 
7.5 
7.0 
6. 5 
6.1 

-  .1 

-  .2 

-  .3 

-  .8 

-  .2 

-  .1 
+     .1 

.3 
.4 
.4 

-  1.4 

-  1.4 

-  1.4 
-1.8 

-  1.0 

-  .7 

-  .8 

-  1.0 

-  1.2 
-1.3 

9.1 
8.9 
8.4 
7.8 
7.0 
6.2 
5.8 
4.3 
8.4 
2.6 

7.4 
7.3 
7.0 
6.9 
6.8 
6.5 
6.0 
5.6 
4.8 
4.0 

-1.5 
-1.5 
-1.6 
-l.O 
-1.8 
-1.4 
-1.6 
-1.5 
-1.5 
-1.5 

.1 

2 

.1 

3 

.0 

4 

-      .  4 

5 

—     .ft 

6 

—     .5 

7 

—     .« 

8 

-        S 

9 

-*-  2. 1 

10 

2.  r» 

11 

18.8 
18.2 
17.6 
17.6 
17.8 
17.8 
17.8 
17.8 
17.7 
17.6 
17.5 
17.4 
17.3 
17.4 
17.4 
17.3 
17.3 
17.3 
17.2 
17.1 

17.7 
17.9 
17.9 
17.8 
17.7 
17.7 
17.7 
17.6 
17.5 
17.5 
17.4 
17.3 
17.2 
17.1 
17.0 
16.8 
16.5 
16.2 

12.3 
12.4 
12.6 
12.9 
13.0 
13.1 
13.8 
13.5 
13.7 
14.0 
14.3 
14.7 
15.0 
15. 5 
15. 9 
16. 2 
16.2 
16.2 
16.3 
16.3 

13.7 
13.6 
13.4 
13.3 
13.1 
12. 1) 
12.8 
14.4 
14.6 
14.8 
15.2 
15.5 
15.8 
16.0 
16.1 
16.3 

16. 5 

16. 6 
16.6 
16.  »• 

15. 2 
15.2 
15.2 
15.5 
15. 5 
15.4 
15.4 
15.4 
15.1 
14.7 
14.2 
13.2 
11.9 
10.7 
11.7 
12.2 
11.3 
10.7 
10.2 
9.5 

5.  7 
5.4 
5.0 
4.7 
4.5 
4.2 
4.1 
3.9 
3.7 
3.5 
3.3 
8.0 
2.6 
2.2 
1.8 
1.4 
1.0 
.6 
.3 
.1 

.3 
.1 

-  .3 

-  .6 

-  .9 

-  1.0 

-  1.2 

-  1.2 

-  1.2 

-  1.2 

-  .5 

-  .3 

—            .     1 

-  .7 

-  .8 

-  .9 

-  1.0 

-  1.1 
-  1.2 

1.8 

-  1.4 

=  -.1 

-  .7 
+  1.2 

2.0 
1.2 
1.8 
2.6 
3.8 
4.9 
6.6 
6.1 
6.5 
6.9 
7.3 
8.4 
8.3 
8.8 
9.0 

1.8 
1.1 
1.0 
2.5 
2.6 
3.0 
8.6 
4.7 
6.9 
7.0 
7.7 
8.2 
8.3 
8.3 
8.3 
8.1 
8.0 
7.8 
7.7 
7.5 

8.1 

2.3 

1.7 

1.1 

.7 

.4 

.2 

.0 

-  .3 

-  .5 

-  .  i 

-  .7 

-  .8 

-  .8 

-  .8 

-  .9 
-1.0 
-1.1 

-1.1 
-1.3 

-1.6 
-1.6 
-1.6 
-1.7 
-1.7 
-1.8 
-1.8 
-1.8 
-1.7 
-1.7 
-1.7 
-1.4 

-  .4 

-  .1 

-  .1 

-  .1  1 
+  .5 

.5 
.6 
.5 

2.3 

12 

2  s 

13 

3.5 

14 

6.7 

15 

6.  9 

16 

7.3 

17 

8.0 

18 

8.7 

19 

9.3 

20 

9..'> 

21 

9.7 

22 

9.M 

23 

9..S 

24 

9.S 

25 

9.H 

26 

9.7 

27 

9.7 

28 

10.0 

29 

11. « 

30 

11.5 

31 

17.0 

16.  r. 

9.2 

--       1 

-  1.4 

9.1 

-1.4 

11.  1 
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Dnillf  ffoge  hrighty  infeel^  of  YazfH)  Hirer  at  Yazoo  (Sty,  Miw. — ContinucMl. 


I>aT. 


I'UXL 


It 

4 

6 


«  . . . 
9-. 

:o.. 
1" 

13.. 
It.. 
I.i  . . 
I'i.- 
17.. 
is.. 
19.. 

a) .. 

21  .- 
•_>■? 

24  . . 

26.- 
27.. 

2S».. 
•29.. 
30.. 
31  .. 


1  . 
2 

i! 

A 

5 
6 
7  , 

9 

10 
11 
12 
13 
14 
15 
16 
17 
15 
19 
20 
21 
22 
23 
24 
25 
2ri 
27 
& 
•29 
:» 
31 


1903. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Auk- 

1 

St'pt. 

Ort. 

Nov. 

IHv. 

11.40 

11.30 

16.70 

•23.90 

25.30 

2.30 

.10 

3. '20 

-   .70 

-1.00 

-•2. 10 

1 

4.90 

ll.fiO     12.40 

16.60 

23.80 

•25.00 

1.90 

.'20 

3. 00 

1-  .'O 

-  .90 

2. 10 

5.  :m) 

11.40 

12.80 

16.60 

•28.80 

24.70 

1    1.80 

.20 

3.(H) 

-    .')0 

-   .8() 

2. 10 

1     5.  H) 

11.00 

13.-20 

16.60 

23.80 

21.40 

1.60 

.(¥) 

3. 20 

-  ..')<) 

.00 

'2. 10 

5. 90 

10.90 

13.40 

16.90 

23.80 

•24. 10 

1.50 

.m) 

3.  m 

"  .50 

.60 

2. 10 

(>.  (H) 

10.80 

13.70 

16.90 

•23.80 

•2:},  70 

1.50 

-  .10 

1.00 

-  .30 

l.(R» 

-  2. 10 

6.30 

10.60 

13.90 

16.80 

25. 10 

•23.30 

1.70 

-    .'20 

4.40 

.00 

i.;^t) 

-  "2. 10 

6.50 

10.30 

14.10 

16.80 

25.10 

•2-2.90 

2.00 

.00 

4. 50 

.20 

1.50 

-2. 10 

6.90 

10.00 

14.30 

16.80 

•25.00 

•2-2.40 

'2. '20 

.70 

4.70 

.30 

L.'iO 

2. 10 

7.00 

9.70 

14.60 

16.70 

25.00 

21.80 

2.10 

1.50 

4.70 

.00 

1.-20 

•2.10 

7.20 

9.30 

14.90 

16.70 

•25.10 

20.90 

2. 50 

•2.40 

4.70 

-  .-20 

.90 

•2.10 

7.30 

8.90 

15.  -20 

16.90 

25.30 

'20. 10 

2.40 

3.40 

4.70 

-  .50 

.70 

-  '2. 10 

i    7.40 

S.40 

15.50 

17.40 

25,50 

19. '20 

'    -2.10 

4.00 

4.110 

-  .70 

..'H) 

-*2. 10 

7.40 

7.90 

15.80 

17. ») 

•2r>.  (io 

18.00 

1.80 

4. 50 

4.«M) 

-1.10 

.50 

2.10 

7.50 

7.30 

16.00 

17.30 

•25. 80 

16. 90 

1.50 

4.90 

4.50 

1.'20 

.50 

2. 10 

7.50 

6.50 

16.30 

17.90 

•26.00 

15. 50 

1.20 

5.  (K) 

4.50 

-1.30 

.•20 

•2. 10 

9.  SO 

5.70 

16.40 

17.80 

26.20 

11. '20 

.90 

5.00 

4.40 

-1.40 

-  .'Jn 

2.10 

9.80 

4.90 

16.40 

17.70 

'26.30 

13.00 

.50 

4.70 

4.40 

-1.% 

-  .  :h. 

-  2. 10 

10.  "20 

4. '20 

16.40 

17.70 

'26.40 

11.90 

.40 

4.40 

4.3<> 

-1.50 

-l.(K» 

2. 10 

'  10.90 

3.n0 

16.30 

17.80 

•26.50 

10.80 

.•M.) 

4.00 

4.20 

-l.i'iO 

-1.-20 

2.10  1  11.60 

3.20 

16.20 

18.00 

'26.60 

9.70 

.00 

3.90 

4.00 

-1.50 

-1.30 

-  '2. 10 

1-2.00 

3.50 

16.10 

18.10 

'26.60 

8.r)0 

--  .10 

3.50 

3.  SO 

-1.50 

-1.50 

2. 10 

12.70 

3.00 

16.00 

18.10 

'26.50 

7.70 

-  .20 

3. 40 

3.:% 

-1.50 

-1.6» 

-  '2. 10 

13.20 

3.50 

16.00 

19.00 

'26.50 

6.70 

-  .30 

3.00 

•2.60 

-1.10 

-i.r)0 

-  2. 10 

13.80 

4.00 

16.20 

19.00 

•26.50 

5.80 

.40 

8.00 

l.iK) 

-1.10 

-1.70 

-1.10 

14.30 

4.70 

16. 10 

18.90 

'26.40 

5.00 

-  .40 

•2.90 

1.30 

-1.10 

-1.70 

.'20 

14.80 

5.40 

16.20 

•21.00 

26.20 

4.40 

-  .40 

2. 90 

.50 

-1.00 

-1.70 

.80 

15.20 

6.40 

16.60 

24.80 

26,00 

3.90 

-  .10 

2.90 

-  .10 

-1.00 

-1.80 

l.fiO 

15. 40 

7.40 

'24.80 

25.80 

3.30 

-  .'20 

•2.K) 

-   .10 

-1.00 

-2.00 

3.00 

15. 80 

9.40 

'24.30 

25.60 

3.00 

.00 

2. 70 

-  .30 

-1.00 

2. 10 

4.40 

16.00 

10.30 

17.3 

24.00 
24.1 

28.6 

2.50 
2-2.0 

6.7 

2.60 
16.9 

-  .6 

.5 

-'2. 10 
—2. 2 

-'2. 5 

16. -20 

16.4 

-•2.2 

IKO 

17.2 

24.2 

•28.6 

21.8 

6.5 

16.8 

-  .6 

.4 

-'1.2 

-•2.5 

-2.1 

IS.O 

19.0 

•24.4 

•28.6 

21.4 

6.7 

16.5 

-  .5 

.2 

2  '2 

-•2.5 

-•2.1 

18.1 

19.0 

24.6 

'28.6 

■21.0 

7.4 

16.0 

-  .5 

-  .4 

-*2.2 

'2.5 

-'2. 1 

18.4 

18.5 

24.7 

28.7 

•20.7 

8.3 

15.5 

-  .5 

-  .6 

-2. 3 

-•2.5 

•2.2 

18.7 

18.2 

24.8 

'28.7 

•20.3 

9.2 

14.8 

-  .4 

-  .9 

-•2.3 

~'2. 5 

-■2.3 

18.9 

19.7 

24.9 

•28.7 

'20.0 

10.0 

13.9 

.3 

-1.0 

-'2.3 

-■2.6 

-'2.3 

19.0 

22.4 

25.2 

28.7 

19.8 

10.9 

12.5 

-    .'2 

-1.2 

-'2. 3 

-•2.5 

-•2.3 

19.0 

21.9 

25.3 

28.6 

19.5 

11.5 

11.0 

-  .1 

-1.3 

-'2.3 

-'2.6 

-•2.3 

19.0 

21.8 

25.4 

28.5 

19.2 

12.4 

9.6 

-  .1 

-1.4 

-2. 3 

-•2. 5 

-•2.3 

19.4 

22.4 

•25.8 

28.4 

19.0 

13.0 

8.2 

1.0 

-1.5 

-2. 3 

-•2.5 

-•2.3 

19.4 

22.0 

25.9 

28.3 

18.4 

13.5 

6.9 

1.0 

-1.0 

-•2.4 

-•2.4 

2.4 

19.3 

21.9 

26.0 

'28.2 

18.5 

14.1 

6.0 

.9 

-1.7 

-'2.4 

-•2.3 

-•2.3 

19.3 

21.9 

26.2 

28.0 

18.0 

14.7 

5.0 

.9 

1.7 

-'2.4 

-2.2 

-'2. 2 

19.3 

■22.0 

26.4 

•27.8 

17.6 

15.0 

4.0 

1.4 

-1  7 

-•2.4 

-•2.1 

-  .2 

19.2 

23.1 

26.5 

•27.5 

16.9 

15.5 

3.5 

1.6 

-  1.8 

-2.4 

-•2.0 

-2.2 

19.0 

23.4 

26.6 

27.2 

16.2 

15.8 

2.8 

l.« 

-1.8 

-•2.4 

-1.9 

-•2.2 

19.0 

23.3 

26.8 

26.9 

15.5 

16.0 

•2.4 

1.8 

-1.8 

-'2.4 

-1.9 

-'2.1 

18.9 

23.3 

26.9 

'26.6 

14.5 

16.2 

2.0 

'2.0 

-1.8 

-•2.4 

-'2.1 

-'2.0 

18.8 

23.3 

27.0 

26.3 

13.4 

16.3 

1.8 

2.5 

2.0 

-•2.4 

-  -2. 1 

-1.8 

18.6 

23.8 

27.2 

25.9 

12.0 

16.4 

1.5 

1.8 

-2.0 

-'2.4 

-'2.2 

-1.6 

18.4 

•23.4 

27.5 

25.5 

10.8 

16.5 

1.2 

1.5 

-'2.1 

-'2.4 

-2.3 

-1.4 

18.1 

•23.5 

27.6 

25.0 

9.5 

16.6 

l.O 

1.5 

—2. 2 

-'2.4 

-'2.3 

-1.2 

18.0 

23.6 

27.8 

24.7 

8.8 

16.7 

.8 

1.5 

-2.2 

-■2.4    , 

-2.3 

-  .2 

17.8 

23.6 

'27.9 

24.3 

8.2 

16.9 

.5 

1.5 

-•2.2 

-•2.4    1 

-'2.3 

-  .8 

17.6 

'23.7 

28.0 

23.9 

7.8 

17.0 

.6 

1.5 

2.2 

-2.4    1 

-2.3 

1.6 

17.5 

23.8 

28.2 

23.5 

7.6 

17.1 

.4 

1.4 

-*2.2 

-'2.4 

-'2.3 

1.9 

17.8 

24.1 

28.3 

28.0 

7.5 

17.1 

.0 

1.3 

-•2.2 

-2.4 

-'2.3 

2.1 

17.6 

28.4 

22.8 

7.4 

17.1 

_  ,2 

1.2 

-'2.2 

-■2.4 

-2.3 

2.3 

17.5 

28.5 

22.5 

7.2 

17.1 

-  .4 

1.0 

-'2.2 

-•2.4 

-2.3 

'2.5 

17.4 

28.6 

6.9 

-  .5 

.8 

-'2.4 

-'2.3 

'2.5 
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WATER   POWERS   OF   ALABAMA. 


[so.  107. 


Haling  table  for  Yazoo  River  at  Yazoo  City,  Miss.,  for  1901,  1902,  arid  1903. 


Gage 
height. 


Fed. 

-2.0 

-1.8 

-1.6 

-1.4 

-1.2 

-1.0 

-  .8 

-  .6 

-  .4 

-  .2 
.0 
.2 
.4 
.6 
.8 


Dls(ihargc. 


Gage 
height. 


Discharge. 


Gage 
height. 


Second-fcct. 

Feet. 

1,830 

1.0 

1,870 

1.2 

1,915 

1.4 

1,965 

1.6 

2,015 

1.8 

2,065 

2.0 

2, 115 

2.2 

2,165 

2.4 

2,215 

2.6 

2,265 

2.8 

2,320 

3.0 

2,380 

3.2 

.      2,440 

3.4 

2,500 

3.6 

2,560 

3.8 

Secondr/eel. 
2,620 
2,690 
2,760 
2,830 
2,900 
2,970 
3,050 
3,130 
3,  210 
3,300 
3,390 
3,480 
3, 570 
3,660 
3,760 


Feet. 
4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 


Discharge. 


Gage, 
height. 


Discharsre. 


Secrmd-feet. 
3,870 
4,145 
4,440 
4,790 
5, 150 
5,550 
6,000 
6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
TO,  000 


Feet. 
11.5 
12.0 
12.  5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 


SecoMl-ffrt. 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 


I 


Eittimaled  monthly  discharge  of  Yazoo  River  at  Yazoo  City,  Miss. 


Month. 


Discharge  In  Becond-feci. 


1901. 

January  

February 

March 

April 

Mav 

June 

July 

August 

September 

Oct<)l)er 

November 

December    

The  year 


Maximum. 


Minimum. 


Mean. 


17,300 

10,800 

17,200 

15,200 

15,600 

10,800 

15,600 

11,800 

15,600 

8,200 

8,000 

2, 350 

2,440 

1, 9(Vi 

8,100 

l,9a5 

8,100 

2, 620 

6,400 

1,965 

2,500 

1,870 

10,600 

2,115 

17,300 


1,965 


14,820 
16,  443 

13,  377 

14,  048 
13,  01>4 

4,  478 

2,  ISl 

3,  8(V> 

5,  4o6 
3,  327 
2,04<> 
5,  978 

8,  255 
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Eaiimated  monthly  discharge  of  Yazoo  Hirer  at  Yazoo  (^yt  Miits. — (Continued. 


Dim'haixe  In  w»c<md-feel. 


Month. 


Maximum.  I  Minimum. 


Mean. 


1902. 


Jannary . 
Februarv 
March  .. 


April - 
Mav  . 

at 

June  -. 
Jnlv  - 


August  ... 
September 
October  ... 
November , 
December  . 


The  year 


Jannary  . . 
February  . 

March 

April 

May 

June 

July 

August . . . 
September 
October  .. 
November 
December 


1903. 


The  year. 


10,500 

15,600 

23,800 

25,600 

24,300 

3, 170 

4,440 

4,260 

2,410 

2,  795 

4,090 

15,200 

25, 600 


18,400 

23,100 

27,600 

27,700 

21,000 

16,100 

15,900 

3, 170 

2,470 

1,790 

1,860 

3, 170 

27,  700 


3, 390 
10,300 
15, 600  I 
22,800  I 
3, 170  I 
2,215  ' 
2,2()5  ' 
2,165 
1,940 
1,810 
1,810 
4,380 

1,810 


8,493 
14, 082 
17,448 
24, 477 
14,004 

2,  im 

3. 281 
3, 578 
2,  UH 
2,223 
2,023 
9,065 


15, 400 

16,200 

23,100 

21,600 

5, 910 

5, 560 

2,190 

2,165 

1,790 

1,750 

1,730 

1, 750 

1,7:^ 


8,619 

17,432 

20,807 

25,442 

25,753 

14, 075 

12, 610 

6,549 

2,593 

1,953 

1,760 

1,767 

2,089 

11,068 
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(no.  lor. 


Net  horsepower  per  foot  of  faUy  with  a  turbine  efficiency  of  80  per  cent,  for  the  minimuitt 

monthly  discharge  of  Yazoo  River  at  Yazoo  City,  Miss, 


Month. 


January  .. 
February  . 

March 

April 

May , 

June 

July 

August 

September 
October . . . 
November 
December . 


1901. 


1902. 


Minimum 
discharge. 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


Dura- 
tion of  Minimum 
mini-  ;dischargc 
mum. 


Sec.-ft. 

10,800 

15,200 

10,800 

11,800 

8,200 

2,360 

1,965 

1,965 

2,620 

1,965 

1,870 

2,115 


982 
1,382 
982 
1,073 
745 
214 
179 
179 
238 
179 
170 
192 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


1903. 


Dura- 
tion of 
mini- 
mum. 


Minimum 
discharge. 


Days. 

Sec.-Jl. 

Days. 

^ 

3,390 

308 

1 

10,300 

936 

1 

15,600 

1,418 

3 

22,800 

2, 073 

5 

3,170 

288 

1 

2,215 

201 

4 

2,265 

206 

1 

2, 165 

197 

1 

1,940 

176 

6 

1,810 

164 

2 

3 

1,810 

164 

24 

1 

4,380 

398 

1 

Sec.-/t. 

15,400  1,400 

16,200  1,473 

23,100  2,100 

21,500  |1,955 

5, 910  537 


Mini- 
mum 
net 
horse- 
power 
per  foot 
of  fall. 


Dura- 
tion i>f 
mini- 
xnum. 


5,550 
2,190 
2,165 
1,790 
1,750 
1,730 
1,750 


505 
199 
197 
163 
159 
157 
159 


Days:. 
1 
1 
1 
1 
1 
1 
1 

2 

8 
20 
11 

1 


MISCELLANEOUS  MEASUREMENTS. 

The  following  miscellaneous  measurements  have  been  made: 

Miscellaneous  measurements  in  Mississippi. 


Date. 


1901. 
Aug.  15.. 
Aug.  16.. 
Mar.  7... 
Apr.  15.. 

1903. 
July  14.. 
July  15.. 


stream. 


SakatoDchee  River 
Toinbigbee  River. . 
Yalobusha  River.. 
Big  Blark  River... 

Big  Black  River. . . 
do 


Locality. 


Dischaixe. 


Mhoon  Valley 

Waverly 

(irenada 

(ioodman 

Morey , 

Wav 


Serond-fe-f  t. 

559 

6,  72« 

1,3:^? 

614 


491 
1,.'197 


INDEX 


A. 

Page. 
Adgets.  Valley  Creek  at,  diflchanrc  meas- 
urement of 129 

Alabama  River  at  Selma,  diftcharKe  meas- 

urementB  of 109 

at  Selma,  gage  heights  of 109-111 

monthly  discharge  of 116-1 17 

power  on 118 

rating  tables  for 112-115 

fitation  on,  description  of 108 

Alexander.  HUlabee  Creek  near,  diAoharge 

measurements  of 53 

Hillabee  Creek  near,  gage  heights  of . . .  54-55 

monthly  diacharge  of 57-58 

58 

66 

58 


poweron 

rating  tables  for 

station  on.  description  of 

Almond,  Hurricane  Creek  near,  discharge 

measnrcmcnt  of 

AogiKxta  Creek,  plant  on,  view  of 


60 
92 


Antaoga  Coanty ,  utilized  powers  in 208 


B. 


Ballplay  Creek,  discharge  of  and  power  on .  107 

Barbour  Coun ty ,  ntilizcd  powere  in 209 

Battle  Creek,  discharge  measurement  of . . .  207 

Beaver  Creek,  discharge  of  and  power  on . .  107 
Beavcrdam  Creek,  discharge  measurement 

of 60 

Bibb  (X>nnty,  utilized  powers  in 209-210 

Big  Black  River,  discharge  measurements 

of 248 

Big  Canoe  Creek,  discharge  of  and  power 

on 107 

Big  Luxapallila  Creek,  dijscharge  measnre- 

mentsof 180 

Big  Sandy  Creek,  discharge  of 59 

elevations  on 51-62 

near    Dadeville,   discharge    measure- 
ments at 47 

goge  heights  of 48 

monthly  dischaige  of 50 

poweron 51 

rating  table  for 49 

station  on,  description  of 47 

poweron'. 10,51-52,59 

Birmingham,  Hawkins  Spring  at,  discharge 

measurement  of 129 

Black  Creek,  dischargetof  and  power  on . . .  107 
Black   Warrior   River  near  Cordova,  dis- 
charge measurements  of 147 


Black  Warrior    River  near  Cordova,  gage 

helghlMof 148-149 

near  Cordt>va,  monthly  discharge  of. .  153-154 

power  on 1.'5 

rating  tables  for 150-1 52 

station  on,  description  <.f 147 

at  Tuscaloosa,  discharge  measurements 

of 132-133 

gage  heights  of i:«-140 

monthly  dLscharge  of 143-146 

power  on 1 46 

rating  table  for 141-142 

station  on,  description  of 131-132 

dams  and  locks  on,  views  of 164 

fall  of 12 

map  of  part  of 161 

powers  on 146,  155,161-166 

Blocton,  Blocton  Creek  at,  discharge  me^is- 

urement  of 129 

Blocton  Creek,  dis(*harge  measurement  of. .      129 

Blount  County,  utilized  powers  in 210 

Blue  Creek,  d1.Hcharge  measurement  of 60 

dischargeof  and  power  on 59 

Blue  Eye  Creek,  dischargeof  and  poweron.      106 
Bridge  ton,  Ea.Kt  Cahaba  River  at  and'near, 

discharge  measurements  of 129 

Broken    Arrow  Creek,   discharge  of  and 

poweron 107 

Brownsboro,  Flint  Creek  near,   di.Mcharge 

measurement  of 207 

Bullock  County,  utilized  powers  in 210 

Butler  County.  utillze<1  powers  in 210 

C. 

Cahaba  River  at    Centcrville,    discharge 

measurements  of 119 

at  Centervllle,  gage  heights  of 11^120 

monthly  discharge  of 124 

power  on 126, 126-131 

rating  tables  for 121-123 

station  on,  description  of 118 

discharge  measurements    (miscella- 
neous) of 129 

fall  of 12 

map  of  portion  of 126 

powers  on 125,126-131 

(^Ihoun  CV>unty,  utilized  powers  in 211-212 

Cane  Creek  (Coosa  River),  discharge  of  and 

power  on 107 

Cane  Creek  (Tallapoosa  River),  discharge 

of  and  poweron 59 

249 


250 


INDEX. 


Page. 
Cedar   Bluflf,  Little    River    nt,  discharge 

measurement  at 106 

Cedar  Creek,  discharge  of  and  power  on ...       59 
Cent€rville,  Cahaba   River  at,   discharge 

measurements  of 119 

Cahaba  River  at,  gage  heights 119-120 

monthly  discharge  of 124 

power  on 125, 

rating  tables  for 121-123 

station  on,  description  of IIH 

Chambers  County,  utilized  powers  In 212 

Channahatchee  Creek,  discharge  measure- 
ment of GO 

C'hattahaspa  Creek,  dis(;harge  measurement 

of 60 

Chattanooga.  Tenn.,  Tennessee  River  at,  dis- 
charge measurements  of 181 

Tennessee  River  at,  gage  heights  of. .  182-188 

monthly  discharge  of 197-208 

power  on 204 

rating  tables  for 189-196 

station  on,  description  of 180 

Chattasofka  Creek,  discharge  measurement 

of 60 

Chattooga  River,  discharge  measurement  of     106 

discharge  of  and  power  on 107 

Choccolo(»co   Creek   at  l^ureka,  dis<'harge 

measurement  of lOfi 

at  Jenifer,  discharge  measurements  of.      10-1 
gage  heights  and  monthly  dlschai^ge 

of  and  rating  tables  for 105 

power  on 106, 108 

station  on,  description  of 104 

Chehaw.  Uphapee  Creek  at,  discharge  of 

andpoweron 59 

Cherokee  County,  utilized  powers  in 213 

Cherokee  dam,  plans  for 4'M7 

(Cherokee  dam  site,  map  of 39 

Chestnut  Creek,  discharge  of  and  power  on .      106 
ChildersburK,  Tallaseehatchee  Creek  at,  dis- 
charge measuremen  t  of 106 

Chilton  County,  utilized  powqrs  in 214 

(,'hoctaw  County,  utilize^l  powers  in 214 

Clarke  ('ounty.  utilized  powers  in 214 

Chiy  County,  utilized  j>owers  in 214 

(Uenr  Creek,  ]K)werM  on 166 

(Tleburne  County,  utilized  powers  in 215 

Coa.st>\l  Plain,  extent  of 12 

(!<)ffee  County,  utilized  powers  in 215 

Cohoiisanocsa  Cr^ek,  diseharge   measure- 
ment of 60 

discharge  of  and  |)ower  on 59 

Colbert  County,  utilized  powers  in 215 

(Columbus,  Miss,,  Tonibigbee  River  at,  dis- 
charge measurements  of 167 

Tombigbee  River  nt.  gage  heights  of.  168-169 

monthly  discharge  of 173-174 

power  on 175 

rating  tables  for 170-172 

station  on,  description  of 167 

Conecuh  County,  utilized  powers  In 216 

Coosa  County,  utilized  powers  in 216 

Coosa  River  at  Riverside,  discharge  meas- 
urements of 62 

at  Riverside,  gage  heights  of 63-66 

monthly  discharge  of 73-76 


Page. 

Coo«»  River  at  Rivendde,  power  on 76 

at  Riverside,  rating  tables  for 67-72 

station  on,  description  of 61-«> 

at  Rome,  Oa.,  discharge  measurements 

of 77 

gage  heights  of 78-81 

monthly  discharge  of 86-«y 

power  on 9u 

rating  tables  for 82-x% 

station  on,  description  of 77 

at  State  line,  discharge  of  and  power  on .     107 

elevations  and  powers  on 90-97 

fallof 12 

Lock  No.  4  on,  view  of 92 

map  of 91 

power  sites  on 10, 90-97 

tributaries  of,  discharge  of  and  power 

on 106-107 

Cordova,  Black  Warrior  River  near,  dis- 
charge measurements  of 147 

Black  Warrior  River  near,  gage  heights 

of 148-119 

monthly  discharge  of 153-154 

power  on 155 

rating  tablets  for 150-152 

station  on,  description  of 147 

Comhouse     Creek,     discharge     measure- 
ment of 60 
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LETTER  OF  TRANSMITTAL 


Dbpabtmbnt  op  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washingioriy  D.  C,  March  10 ^  lOOJ^. 

Sm:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"Quality  of  Water  in  Susquehanna  River  Drainage  Basin,"  by  Mar- 
shall Ora  Leighton,  and  to  request  that  it  be  published  as  one  of  the 
series  of  Water-Supply  and  Irrigation  Papers. 

In  this  paper  is  presented  a  brief  introductory  chapter  on  the  physi- 
ographic features  of  the  Susquehanna  basin,  by  George  B.  HoUister, 
which  is  followed  by  a  detailed  discussion  of  the  population  and  indus- 
tries in  New  York.  Numerous  analytical  reports  are  presented  which 
show  the  character  of  the  unpollnted  waters  in  the  main  stream  and 
its  various  tributaries,  and  the  effects  which  have  been  produced  by 
industrial  and  domestic  pollution.  Of  special  importance  are  the 
statements  concerning  the  effect  of  mine  wastes.  It  is  shown  that 
such  wastes  are  not  without  their  beneficial  effects,  especially  in  those 
parts  of  the  river  which  have  been  set  aside  as  areas  for  sewage  dis- 
posal. The  discussion  of  this  matter,  together  with  the  consideration 
of  the  amount  of  mine  wastes  discharged  into  Susquehanna  River,  is 
one  of  the  important  features  of  the  paper. 

It  is  intended  that  this  paper  shall  be  followed  soon  by  another 

(No.  109),  entitled  "Hydrography  of  Susquehanna  River  Drainage 

Basin,''  by  John  C.  Hoyt  and  Robert  H.  Anderson.     The  two  papers 

will  make  available  a  large  amount  of  valuable  information  with 

reference  to  the  resources  of  the  Susquehanna  River  system. 

Very  respectfully, 

F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  D.  Walcott, 

Director  U,  8.  Geological  Su/rvey. 


QUALITY  OF  WATER  IN  THE  SUSQUEHANNA  RIVER 

DRAINAGE  BASIN. 


By  M.  O.  Leighton. 


PHYSIOGRAPHIC  FEATURES  OP  SUSQUEHANNA  BASIN. 

By  Q.  B.  HoLLiSTBR. 

The  Sasqnehanna  is  the  largest  river  of  the  Atlantic  slope,  its 
drainage  area  covering  approximately  27,400  square  miles.  There 
are  various  speculations  regarding  the  origin  and  development  of 
the  present  river  system,  but  the  evidences  on  which  they  are  based 
are  too  meager  to  permit  the  acceptance  of  the  conclusions  as  final. 
Disregarding  conjectures  as  to  the  conditions  of  drainage  existing 
during  Permian  time  in  what  is  now  eastern  Pennsylvania,  it  is  safe  to 
assume  that  during  and  after  the  regional  depression  when  the  Trias- 
sic  beds  of  the  eastern  portion  of  the  continent  were  laid  down  there 
were  a  number  of  streams  heading  in  what  is  now  central  Pennsylva- 
nia that  found  their  way  to  the  Atlantic  coast.  It  is  also  probable 
that  this  depression  gave  new  vigor  to  the  eastward-flowing  streams, 
which,  becoming  more  active,  gradually  worked  back  and  succeeded 
in  capturing  tributaries  of  adjacent  systems  less  advantageously 
situated,  so  that  by  the  end  of  this  epoch  the  more  important  streams 
became  firmly  established,  and  continued  in  spite  of  the  subsequent 
uplift.  In  taking  this  course,  all  of  these  streams  were  obliged  to 
cross  the  truncated  series  of  resistant  sandstones  then  practically 
base-leveled,  which  have  since  remained  as  the  Allegheny  ridges.  So 
firmly  established,  however,  do  the  streams  appear  to  have  become 
that  these  adverse  conditions  were  not  sufficient  in  the  main  to  change 
their  direction  and  they  have  persisted  in  their  eastward  courses,  cut- 
ting notches  and  gaps  in  the  ridges  even  in  spite  of  the  regional  uplift 
which  followed  the  Triassic  deposition. 

One  of  these  streams  corresponded  in  part  to  the  present  Schuyl- 
kill and  was  comparatively  large,  owing  to  its  capture  of  parts  of  a 
former  north-flowing  stream.^    According  to  Davis  another  and  possi- 
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bly  a  smaller  stream  was  the  parent  of  the  Susquehanna.  Its  head- 
waters lay  in  the  mountain  region  of  the  central  portion  of  the  State 
and  it  flowed  across  the  Alleghenj-  ridges  to  the  southeast,  approxi- 


Fio.  1.— Map  of  drainage  area  of  Snaqnehanna  River. 

mately  in  the  i)osition  of  the  lower  portion  of  the  present  Susque- 
hanna. Various  causes  combined  to  render  this  stream  more  vig- 
orous in  its  action  than  the  one  previously  referred  to,  and  in  the 
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course  of  time  it  succeeded  in  capturing  many  of  the  branches  of  the 
Sehnylkili  and  even  in  tapping  and  capturing  its  entire  upper  waters. 
In  this  manner  the  Schuylkill  was  left  with  a  mere  remnant  of  its  former 
volume.  The  Susquehanna  was  also  strengthened  by  the  capture  of 
the  Juniata  and  other  streams  on  the  west,  and  gradually  assumed 
its  prominence  as  the  master  stream  of  the  region.  This  outline  of 
its  previous  history  must  be  considered  merely  as  a  suggestion  rather 
than  as  demonstrated  fact. 

The  watershed  of  the  Susquehanna  embraces  portions  of  four  great 
physiographic  regions  of  the  eastern  part  of  the  United  States — ^the 
Allegheny  Plateau,  the  Allegheny  Mountains,  the  great  Allegheny 
Valley,  and  the  Piedmont  Plateau.  Its  distribution  among  these 
provinces  is  approximately  as  follows: 

Physiographic  divisions  of  Susquehanna  basin. 


Allegheny  Platean — 
Allegheny  Monntains. 

Allegheny  Valley 

Piedmont  Plateau  — 


Square 
miles. 

Per  cent. 

1 

15,400 

56 

8,500 

81 

1,700 

6 

!         1,800 

7 

ALLEGHENY  PLATEAU. 

More  than  half  the  Susquehanna  drainage  area,  approximately  56  per 
per  cent,  is  included  in  the  Allegheny  Plateau  in  New  York  and 
Pennsylvania.  This  region,  dissected  by  the  stream  and  its  branches 
into  a  succession  of  high  hills  and  deep  valleys,  is  the  remnant  of  an 
extended  plain.  The  plain  is  not  confined  to  the  Susquehanna  water- 
shed, but  may  be  traced  eastward  into  the  Catskill  region  and  south- 
ward to  Alabama.  Its  eastward  face  is  usually  recognizable  in  a 
pronounced  escarpment,  while  westward  it  merges  gradually  into  the 
great  plain  of  the  Mississippi  Valley. 

Gleologically  this  plain  is  composed  of  Paleozoic  sandstones,  shales, 
and  limestones,  which  in  New  York  lie  nearly  level,  with  a  slight  dip 
toward  the  south.  In  Pennsylvania  the  folds,  which  are  so  evident 
in  the  Appalachian  Mountain  region,  gradually  die  out  westward  in 
the  Allegheny  Plateau.  The  physiographic  evidence  leads  to  the 
belief  that  the  region  has  been  base-leveled  and,  in  common  with  the 
Allegheny  Mountain  region,  reduced  to  a  well-defined  peneplain. 
The  region  was  then  elevated,  and  the  streams,  thus  given  new  en- 
ergy, have  eroded  the  surface  of  the  plain,  which  now  presents  the 
appearance  of  %  very  hilly  country.  However,  from  the  summits  of 
the  hills  between  the  lesser  watersheds  evidences  of  the  former  plain 
are  seen  in  the  remaining  hilltops,  which  stand  at  approximately  even 
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heights  as  far  as  the  eye  can  see.  The  hills,  as  a  rule,  rise  from  5O0 
to  800  feet  above  the  valleys,  with  comparatively  steep  but  beautifully 
symmetrical  slopes. 

A  large  proportion  of  that  part  of  the  Susquehanna  drainage  area 
within  the  Allegheny  Plateau  has  been  glaciated.  The  former  pres- 
ence of  the  ice  sheet  is  recognized  by  the  drift  which  covers  the  siii-- 
face,  particularly  in  the  valleys,  where  immense  accumulations  are 
found.  Well  borings  show  the  thickness  of  the  valley  deposits  to  Ik» 
from  50  to  over  1,000  feet.  Owing  to  the  action  of  ice  and  the  subse- 
quent outflow  of  water  from  the  ice  fields,  combined  with  the  distribu- 
tion of  the  drift,  many  changes  of  drainage  seem  to  have  resulted,  and 
not  a  few  streams  which  previously  flowed  northward  into  the  Gre^t 
Lakes  have  apparently  been  diverted  and  now  form  part  of  the  Susque- 
hanna system. 

The  effect  of  the  ice  on  the  excavation  of  the  north-south  valleys 
has  not  yet  been  fully  determined,  but  from  the  evidence  offered  in 
the  Finger  Lake  region. and  elsewhere  in  central  New  York  it  ma^' 
be  fairly  surmised  that  many  of  the  valleys  were  more  or  less 
deepened  in  this  manner. 

The  principal  streams  in  the  Susquehanna  basin  that  drain  the 
Allegheny  Plateau  are  the  Susquehanna  River  and  the  West  Branch. 
Susquehanna  River  rises  in  Lake  Otsego,  Otsego  County,  N.  Y.  It 
flows  generally  southwestward  through  the  southern  tier  of  counties 
of  New  York  and  enters  Pennsylvania  in  Bradford  County  near 
Sayre.  Thence  its  course  is  generally  southeastward  to  Pittston, 
where  it  leaves  the  plateau  region.  Its  most  important  tributaries  to 
this  point  are  Chenango  and  Chemung  rivers,  both  in  New  York. 

West  Branch  rises  in  the  highlands  of  Cambria  County,  Pa.,  and 
with  its  various  tributaries  drains  a  number  of  the  central  and  north- 
central  counties  of  that  State.  It  leaves  the  Allegheny  Plateau  near 
Lock  Haven,  about  95  miles  from  its  source.  Its  chief  tributaries 
on  the  plateau  are  Moshannon,  Sinnamahoning,  Kettle,  Pine,  Lyco- 
ming, and  Loyalsock  creeks.  In  the  region  they  traverse  the  strata  are 
bent  in  broad,  simple  folds.  The  present  aspect  of  the  country  is 
extremely  rugged,  though  its  plateau  character  here,  as  in  New  York 
State,  is  distinctly  recognized  from  the  tops  of  the  hills.  These  rise 
to  an  elevation  of  1,500  to  2,000  feet  and  more,  and  contain  a  large 
amount  of  forest  lands. 

The  general  topographic  features  of  this  portion  of  the  plateau  are 
distinct  from  those  in  the  area  drained  by  the  Susquehanna  in  New 
York.  There  the  slopes  are  usually  gentle  and  symmetrical,  the 
weathering  process  having  been  applied  to  strata  lying  approximately 
horizontal,  while  here  the  topography  presents  more  rugged  features 
and  more  uneven  slopes.  The  rocks  are  tilted  to  a  greater  extent,  and 
the  more  resistant  laj'ers,  the  sandstones  and  grits,  outlast  the  more 
yielding  shales  and  limestones  and  stand  out  as  ridges.     The  steeper 
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slope  of  a  h.ill  of  this  character  is  usually  on  the  side  which  exponas 
the  upturned  faces  of  the  strata,  while  the  slope  parallel  to  the  dip  of 
the  strata  is  gentler  and  longer. 

Lake  Otsego,  ^wliich  may  be  considered  the  source  of  the  Susque- 
hanna, lies  at  an.  elevation  of  1,193  feet  above  sea  level.  The  altitude 
of  the  SusquehanTia  at  its  junction  with  the  Chenango  at  Biughamton 
is  822  feet;  at  tlie  junction  of  the  Chemung  at  Athens  it  is  744  feet; 
and  near  Pittston,  232  miles  from  its  source,  where  the  river  leaves 
the  Allegheny  Plateau  and  enters  the  Appalachian  belt,  it  is  53G  feet, 
.driving  a  total  fall  of  657  feet,  or  an  average  fall  on  the  Allegheny 
Plateau  of  2.8  feet  per  mile. 

ALLEGHENY  MOUNTAIN  REGION. 

After  leaving  the  Allegheny  Plateau  Susquehanna  River  enters 
the  Alleghany  Mountain  region.  Like  the  Allegheny  Plateau,  this 
physiograpbic  region  is  not  confined  to  the  Susquehanna  drainage 
basin,  but  extends  as  a  well-defined  feature  from  Alabama  to  Canada. 
The  ridges  generally  run  northeast  and  southwest,  sweeping  off  at  the 
north  in  broad  curves  to  a  more  easterly  direction. 

Geologically  tbis  is  a  region  of  alternating  hard  and  soft  sedimen- 
tary beds,  bent  by  enormous  lateral  compression  into  folds  or  waves 
technically  known  as  * '  anticlines  "  and  *  *  synclines. "  These  folds  have 
a  general  nortbeast-southwest  trend,  and  in  some  limited  districts  a 
slight  pitcb  to  the  southwest.  After  the  rocks  had  been  folded  the 
whole  country  was  base-leveled  by  erosion;  or,  in  other  words,  all  the 
layers,  bard  and  soft,  were  planed  down  to  an  approximately  uniform 
surface.  Tben  followed  a  general  uplift  of  the  region,  which  gave  the 
streams  renewed  vigor  and  inaugurated  another  period  of  denuda- 
tion, wbicb  bas  been  continued  to  the  present  time.  As  a  result  of 
this  last  cycle  of  erosion  the  softer  rocks  have  been  gradually  worn 
dow^n  and  carried  away  and  the  more  resistant  layers  stand  out  as 

ridges. 

The  effect  of  the  southward  pitch  of  the  folds  upon  the  topography 
is  particularly  interesting.     Instead  of  being  merely  approximately 
parallel  ridges,  as  would  be  the  case  if  there  were  no  longitudinal  tilt- 
ing of  tbe  layers,  the  general  planation  and  subsequent  denudation 
have  left  a  peculiar  series  of  canoe-shaped  valleys.     Where  the  syn- 
clinal folds  are  eroded  the  mountains  surrounding  the  valleys  gradu- 
allv  converge  to  form  what  would  represent  the  prow.     Where  the 
anticlinal  folds  are  truncated  a  series  of  hemi-cigar-shaped  mountains 
results.      This  peculiar  system  of  ridges  surrounding  blind  valleys  and 
inclosing  narrow  valleys  within  valleys  has  had  a  decided  influence 
upon  tbe  region  in  a  number  of  ways.     It  has  greatly  increased  the 
difficulty  of  travel  across  it,  and  thus  retarded  development,  and  has 
also  increased  the  expense  of  railroad  construction.     Its  influence 
upon    tbe  drainage  system  as  a  whole  has  been  marked,  and   the 
original  drainage  systems  have  suffered  many  very  radical  changes. 
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In  the  Allegheny  Mountain  region  is  included  the  drainage  of  the 
lower  portion  of  the  Susquehanna,  of  the  Juniata  and  its  tributaries, 
and  of  almost  the  entire  West  Branch  below  Lock  Haven,  with  tlie 
exception  of  its  northerly  and  westerly  tributaries — in  brief,  the 
portion  of  the  Susquehanna  system  between  Pittston  and  Harrisbupg, 
with  the  exception  of  the  tributaries  of  West  Branch.  The  area  of 
this  part  of  the  watershed  is  approximately  8,500  square  miles,  or 
about  31  per  cent  of  the  entire  drainage  basin.  The  slopes  of  the 
main  stream  and  its  principal  branches  are  as  follows:  From  Pittston 
to  the  junction  with  West  Branch,  at  Sunbury,  a  distance  of  G8 
miles,  the  fall  is  114  feet — an  average  of  1.6  feet  per  mile.  From 
Sunbury  to  Harrisburg,  53  miles,  the  fall  is  124  feet — an  average  of 
2.3  feet  per  mile.  The  portion  of  West  Branch  in  this  region  is 
65  miles  long,  and  falls  110  feet  at  an  average  rate  of  1.6  feet  per  mile 
from  Lock  Haven  to  its  mouth.  The  Juniata  has  an  average  fall  of 
3.1  feet  per  mile. 

The  slopes  in  this  region  differ  greatly  from  those  in  the  Allegheny 
Plateau.  There  the  streams  have  etched  the  plateau,  leaving  sym- 
metrical and  well-rounded  hills.  The  elevations  of  the  Allegheny 
Mountain  region  are  long,  straight,  or  slightly  curved  ridges,  with 
level  tops,  but  comparatively  steep  sides.  Some  of  them  may  be 
traced  for  long  distances  as  continuous  mountains,  which  are  broken 
only  where  they  have  been  cut  by  streams.  A  notable  example  of 
such  a  range  is  Kittatinny  Mountain,  which  forms  the  southeastern- 
most  ridge  of  the  group.  This  ridge  runs  out  of  Pennsylvania 
through  northwestern  New  Jersey  and  southern  New  York  to  Hudson 
River,  interrupted  only  by  notches  and  water  gaps. 

One  of  the  most  striking  features  of  the  river  in  this  part  of  its 
course  is  its  bold  persistence  across  the  trend  of  the  Allegheny  ridges. 
Just  above  Pittston  it  flows  into  the  fertile  Wyoming  Valley,  which 
lies  parallel  to  the  mountain  chain.  It  follows  this  valley  until  it 
reaches  Nanticoke,  where  it  bends  gradually  southward  across  the  Lee- 
Penobscot  Mountain  and  again  resumes  its  southwestward  course, 
which  it  holds  until  I'eaching  Sunbury.  Here  it  turns  southwanl 
again,  crossing  Mahantango,  Berry,  Peters,  Second,  and  Blue  moun- 
tains, and  emerges  into  Allegheny  Valley  near  Harrisburg. 

ALLEGHENY  VALLEY. 

After  leaving  the  Allegheny  Mountain  region  the  river  crosses  the 
greater  Allegheny  Valley,  which  forms  a  striking  contrast  in  topo- 
graphic feature  to  the  other  portions  of  the  region.  Instead  of  being 
composed  of  level-crested  parallel  ridges,  as  is  the  region  lying  imme- 
diately west,  Allegheny  Valley  is,  as  the  term  indicates,  a  wide  depres- 
sion having  true  valley  characteristics.  It  is  in  reality  a  strip  of 
low  country  extending  from  St.  Lawrence  Valley  southward,  embrac- 
ing a  portion  of  Hudson  River  Valley  and  all  of  Wallkill  Valley 
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in  New  York,  the  valleys  of  the  Wallkill  and  Paulins  Kill  in  New 
Jersey,  the  Cumberland  and  Ilagerstown  in  Pennsylvania  and  Mary- 
land, and  the  Shenandoah  in  West  Virginia.  The  Susquehanna 
enters  it  near  Harrisburg  and  leaves  it  where  it  crosses  the  western 
edge  of  the  crystalline  and  Triassic  areas.  It  is  somewhat  difficult  to 
define  with  precision  the  limits  of  Allegheny  Valley  in  this  section. 
The  river,  however,  may  be  said  to  cross  the  dividing  line  between 
the  valley  and  the  Allegheny  Mountain  region  near  Rockville,  a  few 
miles  north  of  Harrisburg,  and  to  intersect  its  southern  edge  near 
Highspire,  where  it  meets  the  Piedmont  Plateau.  The  distance 
between  these  points  is  approximately  11  miles,  in  traversing  which 
the  river  falls  19  feet,  or  an  average  of  1.7  feet  per  mile.  Allegheny 
Valley  is  not  a  large  portion  of  the  watershed,  containing  in  all  but 
1,700  square  miles,  or  approximately  6  per  cent  of  the  total  drain- 
age area,  but  its  features  are  distinct  and  its  general  characteristics 
strikingly  different  from  those  of  the  other  physiographic  divisions 
under  consideration.  The  valley  is  characterized  geologically  by 
limestones,  which  are  much  more  easily  eroded  and  have  undergone 
greater  denudation  than  the  shales  to  the  west.  The  tributaries  in 
this  xH>Ttion  of  the  watershed  are  small,  being  Conedogwinet  and 
Yellow  creeks  on  the  west  and  Swatara  Creek  on  the  east.  The  fall 
of  the  main  stream  and  of  its  tributaries  in  the  Allegheny  Valley 
system  is  slight.  This  is  particularly  noticeable  in  the  case  of  Cone- 
dogwinet Creek,  which  flows  in  wide  meanders  in  the  last  15  or  20 
miles  of  its  course. 

PIEDMONT  PLATEAU. 

After  leaving  Allegheny  Valley  the  river  flows  through  the  Pied- 
mont Plateau,  whose  northern  limits  are  not  clearly  defined  in  this 
portion  of  the  State.  The  Piedmont  Plateau  extends  from  New  Eng- 
land to  Alabama.  It  receives  its  name  from  the  fact  that  it  lies  at  the 
foot  of  the  Allegheny  Mountain  ridges  and  borders  them  for  their 
entire  length  on  the  southeast.  It  consists  mainly  of  cr^'stalline  and 
metamorphic  rocks  highly  altered  and  disturbed,  and  also  includes 
Triassic  shales  and  sandstones  with  their  trap  intrusives.  Susque- 
hanna River  may  be  said  to  enter  the  region  6  to  10  miles  below  Har- 
risburg. 

The  topography  is  characterized  by  comparatively  low,  well-rounded 
hills  on  the  divides  and  by  rather  steep-sided  valleys  along  the  streams, 
especially  in  their  lower  portions.  South  Mountain,  the  continuation 
of  the  Highlands,  has  a  somewhat  greater  elevation.  This  division  as 
a  whole  is  a  farming  country,  with  a  small  proportion  of  forested  areas. 
It  has  a  heavy  soil,  resulting  from  the  disintegration  of  the  metamor- 
phic series  underlying  it.  The  side  streams  flow  with  rather  steep 
grades  on  bed  rock,  and  the  Susquehanna  passes  over  a  number  of 
reefs  and  shoals  suitable  for  the  development  of  power.     On  the  east- 
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ern  edge  of  the  Piedmont  Plateau  the  river  finds  its  mouth  at  tho 
head  of  Chesapeake  Bay,  its  lower  course  in  particular  being  confined 
in  a  steep-sided  valley. 

In  crossing  the  Piedmont  Plateau  the  river  fiows  approximately  5U 
miles.  In  this  distance  it  falls  286  feet,  or  an  average  of  about  4.5  feet 
per  mile. 

SUMMARY  OF  SLOPES. 

For  the  sake  of  comparison  the  slopes  of  the  main  stream  and  its 
principal  branch  on  the  different  portions  of  the  watershed  are  here 
given. 

Slopes  of  Susquehanna  River  and  the  West  Branch. 

ALLEGHENY  PLATEAU. 


Stream. 

Length. 

Fall. 

Average 
iwr  mile. 

Snsnnehanna              .       ..         

Miles. 
282 

95 

Feet. 
657 
578 

Feet. 
2.8 

West  Branch- 

5.9 

ALLEGHENY  MOUNTAIN  REQIO 

N. 

Snsnnehanna  (Pittston  to  Rockvllle) _ 

116 
113 

234 
231 

o 

4W 

West  Branch  (Lock  Haven  to  Rockvllle) ^ 

2 

ALLEGHENY  VALLEY. 

Susquehanna  (Rockvllle  to  Hightplre) 

11 

19 

1.7 

Ir 

4.5 

PIEDMONT  PLATEAU. 

Susquehanna  (Hlghsplre,  near  Harrisburg,  to  mouth) .  _ 

63 

286 

The  striking  feature  observable  from  the  above  table  is  the  rela- 
tively sharp  drop  of  the  stream  on  the  Piedmont  Plateau,  which,  it 
will  be  remembered,  is  traversed  by  the  river  in  the  last  63  miles  of  its 
course.  This  condition  is  unusual,  for  streams  in  their  erosive  cycles 
normally  reach  base-level  along  their  lower  courses  first,  their  gradi- 
ents becoming  relatively  steeper  as  the  headwaters  are  approached. 
This  does  not  seem  to  be  the  case  with  the  Susquehanna,  which  shows 
three  distinct  conditions  of  grade: 

Fii-st,  in  the  Allegheny  Plateau  the  fall  appears  to  be  normal.  To 
be  sure,  the  figures  show  that  the  main  stream  drops  2.8  feet  per  mile 
while  West  Branch  falls  5.9  feet  per  mile,  but  the  two  streams  fall 
approximately  through  the  same  distance  and  the  difference  in  aver- 
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age  gradient  seems  to  l)e  entirely  due  to  the  difference  in  their  length, 
which  is  marked,  the  shorter  stream  having  relatively  the  steeper 
irradient,  as  would  be  expected. 

Second,  in  the  Allegheny  Mountain  region  the  fall  is  also  normal. 
The  lengths  of  the  main  stream  and  of  West  Branch  are  approximately 
the  same,  and  their  average  fall  is  remarkably  uniform.  The  differ- 
ence in  average  fall  per  mile  between  portions  of  the  stream  on  the 
Allegheny  Plateau  and  in  the  Allegheny  Mountain  region  is  also  nor- 
mal, as  it  is  to  be  expected  that  the  fall  on  the  upper  portions  of  the 
system  will  be  greater  than  on  any  portion  lower  down. 

Third,  the  stream,  which  has  thus  far  followed  the  laws  of  all  well- 
developed  river  systems,  begins  its  last  stage — namely,  that  upon  the 
Piedmont  Plateau — with  an  entire  reversal  of  the  natural  conditions; 
for  here,  instead  of  entering  smoothly  upon  the  last  part  of  its  slope 
curve,  which  with  steadily  decreasing  fall  should  approach  flatness  at 
the  river's  mouth,  it  abruptly  changes  its  grade,  and  the  average 
fall  suddenly  increases  from  2  feet  to  4.5  feet  per  mile.  The  waters 
of  the  stream  from  this  point  pass  rapidly  over  a  series  of  shoals 
and  successive  drops  which  reach  almost  to  sea  level,  the  fall  in 
about  60  miles  being  approximately  300  feet.  This  is  a  fall  more 
than  twice  as  great  as  that  of  the  river  in  its  previous  stage  across 
the  Allegheny  Mountain  region  and  nearly  double  its  fall  in  cross- 
ing the  Allegheny  Plateau. 

This  nnusual  fall  in  the  Susquehanna  on  the  Piedmont  Plateau  is  a 
matter  of  considerable  interest,  and  an  investigation  of  the  causes 
producing  it  is  worthy  of  more  attention  than  can  be  given  in  the 
limits  of  this  chapter.  It  ma}'  be  of  interest,  however,  to  call  atten- 
tion to  a  few  of  the  facts  which  may  throw  some  light  upon  the  prob- 
lem. First,  the  narrow,  gorge-like  valle}'^  of  the  Susquehanna  upon 
the  Piedmont  Plateau,  and  also  of  its  tributaries  on  the  same  area, 
indicates  a  comparatively  recent  elevation  of  the  entire  region.  It  is 
an  extremely  suggestive  fact  that  indications  of  this  uplift  appear  on 
the  lower  Potomac  and  to  a  less  extent  on  the  lower  Delaware  during 
the  passage  of  each  of  these  streams  across  the  Piedmont  Plateau, 
where  this  same  condition  of  gorge-like  valley  is  also  found.  On  the 
other  hand,  the  extensive  embayment  of  the  mouths  of  the  Delaware, 
Hudson,  Susquehanna,  and  Potomac  rivers  gives  evidence  of  a  wide 
regional  depression  which  must  have  involved  the  entire  jwrtion  of 
the  seaboard  region  in  question. 

It  is  also  evident  that  the  changes  producing  the  present  x>oculiar 
conditions  on  the  lower  Susquehanna  were  not  confined  to  the  limits 
of  its  watershed,  as  the  same  sudden  increase  in  fall  is  found  on  Dela- 
ware and  Potomac  rivers  as  they  cross  the  Piedmont  Plateau.  Hence 
it  seems  that  the  causes  for  these  phenomena  must  be  found  in  a 
study  of  the  regional  changes  that  are  known  to  have  taken  place 
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along  the  whole  portion  of  the  Atlantic  seaboard  drained  by  these 
systems.  Studies  of  the  sand  and  gravel  deposits  near  Washington, 
D.  C,  and  in  Maryland  and  New  Jersey,  and  recent  investigations  on 
Long  Island,  indicate  quite  clearly  that  between  the  late  Tertiary  and 
the  present  time  the  Atlantic  coast  has  been  subjected  to  a  series  of 
regional  uplifts  and  depressions.  It  was  during  these  uplifts  that  the 
profound  degradation  of  the  Coastal  Plain  was  accomplished  and  it«s 
present  topographic  features  produced.  The  graded  streams  flowing 
across  the  Piedmont  Plateau  must  have  been  considerably  accelerated 
by  these  uplifts,  and  must  have  begun  at  once  to  alter  their  grades  to 
conform  to  the  new  conditions. 

According  to  this  idea  the  sudden  drop  of  the  Susquehanna  from 
Ilarrisburg  to  its  mouth  may  be  considered  as  a  temporary  stage  in 
the  river's  attempt  to  again  reach  a  normal  slope  curve.  In  the 
accomplishment  of  this  object  the  slope  has  been  affected  only  as  far 
back  as  the  limits  of  the  Piedmont  Plateau,  but  given  sufficient  time 
the  effects  may  be  expected  to  extend  even  to  the  headwaters. 

The  unusual  occurrence  of  such  conditions  of  grade  at  the  lower 
end  of  a  large  stream  like  the  Susquehanna  offers  opportunities  for 
the  development  of  water  power.  At  a  number  of  places  on  the  lower 
couree  of  the  river  it  seems  possible  to  erect  power  plants  of  consid- 
erable magnitude,  and  it  is  understood  that  capitalists  are  now 
studying  the  conditions  at  some  of  these  with  a  view  to  future  devel- 
opments. 

POPUIiATION  AND  INDUSTRIAIi  BEVEIiOPMENT  IN  NEW 

YORK. 

Industrial  development  in  the  drainage  basin  of  Susquehanna 
River  has  been  important,  especially  in  Pennsylvania,  where  the 
enormous  mineral  wealth  has  attracted  a  large  number  of  settlers  and 
encouraged  industries. 

In  this  basin  in  New  York  are  the  important  cities  of  Binghamton, 
Elmira,  and  Corning,  together  with  smaller  ones  like  Hornellsville, 
Bath,  Owego,  Oneonta,  Norwich,  and  Cortland.  In  this  portion  of  the 
basin  dairying  and  agriculture  are  the  principal  industries. 
•  The  run-off  water  from  the  Susquehanna  drainage  area  in  New  York 
is  of  excellent  character.  There  are,  as  a  rule,  not  sufficient  dis- 
solved alkaline  earth  constituents  to  render  the  water  very  hard,  and 
except  at  times  of  extraordinary  floods  little  suspended  material  is 
carried  in  the  streams.  The  water  is  comparatively  free  from  color, 
and  for  all  purposes  is  probably  as  good  as  any  that  can  be  found 
in  the  United  States,  with  the  possible  exception  of  New  England. 
Dairying  is  the  principal  industry  in  a  large  part  of  the  region.  The 
farms  are  famous  for  the  excellent  character  of  the  water,  which  is 
available  at  small  cost. 
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The  following  table  shows  the  population  of  the  cities  and  towns  in 
the  New  York  portion  of  the  Susquehanna  drainage  area: 

PofndcUioH  in  drainage  area  of  Susquehanna  River  in  New  York,  by  couniien  and 

towns. 


Alleoaxy  County: 

Alfred  (one-half) 808 

Almond _ 1,436 

BirdsaU  (one-third) 211 

West  Almond 601 

Bbooue  County: 

Barker  _ 1,(^72 

Binghamton 40, 494 

Chenango 1,372 

ColesYiUe 2,773 

Conklin 946 

Kirkwood 918 

Lisle 1,710 

Maine 1,534 

Nanticoke _ 666 

Triangle 1,727 

Union. 5,707 

Vestal- 1,850 

Windsor 2,967 

Chemung  County: 

Ashland.- 954 

Baldwin 664 

Big  Flats 1,705 

Catlin 1,109 

Chemnng. 1,500 

Elmira 35,672 

Erin 996 

Horseheads 4, 944 

Southport 2,201 

VanEtten 1,406 

Veteran  ( one-third ) 551 

Chenango  County: 

Afton 1,920 

Bainbridge 1,991 

Columbus 997 

Coventry 987 

(j^rman 423 

Greene 3,152 

Guilford 2,208 

Lincklaen 646 

McDonough 907 

New  Berlin 2,525 

Norwich-   7,004 

Otselic  _ 1,234 

Oxford 3,545 

Pharsalia 780 

Pitcher 751 


Chsnanoo  County— Continued. 

Plymouth 1,026 

Preston 662 

Sherburne 2,614 

Smithville 1 ,  105 

Smyrna 1,290 

(Portland  County: 

'  CTincinnatus 912 

Cortland 9,014 

Cortlandville 2,907 

Cuyler 991 

Freetown 610 

Harford 753 

Homer 8,864 

Lapeer 538 

Marathon 1,664 

Preble 857 

Scott 852 

Solon 622 

Taylor 762 

Truxton 1,217 

Virgil 1,326 

Willett 687 

Delaware  County: 

Davenport 1 ,  620 

Franklin  ._ 2,529 

Harpersfield  ( two- thirds ) . .  814 

Kortright  (one-half) 737 

Masonville 1, 245 

Meredith 1 ,  508 

Sidney 4,023 

Herkimer  County: 

Columbia 1, 268 

Litchfield 931 

Warren 1, 240 

Winfield 1,475 

Livingston  County: 

Springwater  (one-third)  ..  672 

Madison  County: 

Brookfield 2,726 

DeRuyta 1,410 

Georgetown 998 

Hamilton 3,744 

Lebanon 1,243 

Onondaga  County: 

Fabius 1,686 

Tully  (one-half) 733 
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Otsego  County: 

Burlington -  1 

Bnttemuts -  -  1 

Cherry  Valley 1 

Decatur 

Edmeston 1 

Exeter ___ 1 

Hartwick 1 

Laurens 1 

Maryland  _ _ 1 

Middlefield 2 

Milford 2 

Morris. 1 

New  Lisbon : 1 

Oneonta 8 

Otego : 1 

Otsego. 4 

Pittsfield 1 

Plainfield.- 1 

Richfield 2 

Roseboon  _ 1 

Springfield 1 

Unadilla 2 

Westf  ord 

Worcester 2, 

Schuyler  County: 

Catharine  (one-half) 

Cayuta 

Orange.- 1, 

Tyrone 1, 

Schoharie  County: 

Jefferson  (one-half) 

Summit  (one-half) 

Steuben  County: 

Addison 2, 

Avoca 2, 

Bath _ 8, 

Bradford 

Cameron 1, 


263 
698 
802 
559 
767 
087 
800 
483 
998 
100 
007 
689 
225 
910 
817 
497 
101 
101 
526 
031 
762 
601 
910 
409 

693 
459 
391 
586 

704 

608 

637 
125 
437 
771 
353 


Steuben  County — Continued, 

Campbell 

Canisteo. 

Cohocton  - 

Erwin  _ 

Fremont 

Greenwood _ 

Hartsville ... 

Homellsville 

Howard 

Jasper 

Lindley 

Prattsburg 

Rathbone 

Thurston .  _ 

Troupsburg 

Tuscarora 

Wayne  (one-half) 

West  Union 

Wheeler.  _  _ 

Woodhull 

Tioga  County: 

Barton 

Berkshire 

Candor 

Newark  Valley 

Nichols 

Owego 

Richford 

Spencer 

Tioga 

Tompkins  County: 

Caroline 

Danby  (one-third) 

Newfield  (one-half) 

Yates  County: 

Italy  Hill 


1,4(J7 
3,  482 
3,197 
1,851 

1,033 
1,129 

7S7 

1 ,  s;J3 

1.704 

1 ,  430 

i.8or> 

2,  197 
1 .  059 
1.017 
2,015 
1.301 

419 
1.025 
l.lsx 
1 ,  7S7 

6,3S1 
1,011 
3, 330 
2. 164 
1,564 
8,  3T.S 

1 ,  8r»s 

2,113 

l,9:5>5 

4N3 

951 

1,094 


Total 345, 850 


Area  of  Susquehanna  basin  in  New  York square  miles. .  6, 267 

Population  per  square  mile   55 
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CHARACTKU  OF  SURFACK  WATERS. 

SUSQUEHANNA  RIVER  IN  NEW  YORK. 

The  characU^r  of  run-off  water  from  the  drainage  area  of  this  river 
Ls  well  shown  by  the  analyses  p;iven  Inflow,  which  were  made  hy 
George  V,  \Vhipi)le,  of  Monnt  I^rospect  Laboratory,  Brooklyn. 

Analyses  of  water  from  Susquehanna  River  alxn^e  Binghamton^  *V.  Y. 

[Parts  per  million.] 


NitroK 

cnas— 

Hardnc^sft. 

id 

s 

- 

JO  0 

ta 

i  ' 

{3 

^^ 

tit.^ 

Dat«. 

urbidity. 

C 

o 

u 
o 

I  Albaminoi( 
ammonia. 

reeammc 
nia. 

it  rites. 

1 

• 

otal  resid 

Ikalinity. 

ai 

• 

I 

JQ  d 

Eh 

o 

O 

&4 

s?; 

s 

H 

< 

yr 

'  Fe*'/. 

Jan,  3, 1901... 

9 

10 
12 

None. 
2V 

0.045 
.(WB 

0.005 
.004 

0.004 

1.540 
.400 

3.S00 
1.400 

75.0 
74.0 

z 

0 
9.5 

Mar.«4,19(e. 

0.00 

,   6.:^ 

Jane  17, 1902. 

8 

l,") 

3V+1M 

.104 

.024 

.one 

.040 

1.000 

109.0 

<' 

8.0 

.15 

3.:W 

Sept-16,l«ie. 

2 

10 

3V 

.0»< 

.044 

.002 

.090 

2.100 

101.0 

50 

0 

.20 

2.H5 

Jan.7,190«-.. 

31 

21 

3V 

.102 

.012 

.001 

.200 

1.000 

95.0 

33 

3.5 

.65 

3.K^ 

Anjr.l$.1903. 

13 

3V 

.114 

.016 

1    .001 

.020 

1.500 

86.5 

54 

6.0 

.10 

1 

2.:«) 

The  analyses  in  the  above  table  are  of  a  water  which  is  typical  of 
a  large  drainage  area  which  has  received  a  small  amount  of  sewage. 
The  condition  of  the  organic  matter  as  shown  by  the  analyses  would 
not  condemn  the  water  for  domestic  purposes.  On  the  contrary,  the 
report  is  somewhat  reassuring.  Only  in  the  high  and  unsteady  chlo- 
rine content  is  there  any  indication  of  pollution,  although  the  table 
gives  no  information  concerning  the  time  at  which  the  polluting 
ingredients  entered  the  stream.  So  far  as  the  analysis  is  concern(»d 
the  water  might  be  a  highly  desirable  potable  beverage.  It  is  known, 
however,  from  observation  that  such  is  not  the  case. 

Below  Binghamton  Susquehanna  River  runs  southwesterly,  and  a 
short  distance  below  the  State  line  it  is  joined  by  the  Chemung.  This 
stivam  drains  a  basin  of  practically  the  same  character  as  that  drained 
by  the  Susquehanna,  and  the  conditions  with  respect  to  settlement 
are  analogous.  The  following  determinations  were  made  by  James 
.M.  Caird,  Troy,  N.  Y. : 
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Analyses  of  water  from  Chemung  River  at  Elmira,  N,  F. 

[Parts  per  million.  ] 


• 

u 

16 
18 
26 
10 
7 

18 
13 

• 

§ 

20 
26 

• 

o 

S 

Nitrogen  as— 

1 
Chlorine.              ' 

1 

Total  residue. 

Hardness. 

1 

Date. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

Nitrites. 

1 
i 

Iron. 

Mar. 26-31, 1900      .  ... 

65 

May  18-24,  IflOO 

AuK.  2-8. 1900     



114 
160 

32 
95 

Aug.  20-31, 1900 

Sept.  1-26, 1900 

1 

95 
25 

1 

Sept.  27-30, 1900 

68    -  -- 

Oct.  l-iJ,  1900 

23 

: 

61 
39 

52 

— 

Deo.  18-30.1900 

30  1  .V) 

1 

Apr.27,1901 

0 

0.048 

0.024 

0 

2.55 

4.0     76.7 

0 

Jan.  6-11. 1902 

25 
30 

25 

Mar.9,1902 

55    .... 

Mar.  10, 1902 

1 
98     40 

20  L... 

Oct.  5, 1902 

40 
25 

45 

• 

68'.... 

Oct.  6-10. 1902... 

29 

1 

65     ... 

, 

Is    s 
1^ 


2  s 


5?5 


7,000 

1,800 

1,900 

600 

5S5 

960 

1,250 

26,500 

fiOO 

11,500 

4.200 

26,000 

7.200 

11,100 


IS 


4 

:•! 

1 
« 
1 
I 
1 

5 


The  above  table  contains  only  four  determinations,  but  they  are 
probably  the  most  valuable  of  all  for  practical  purposes  in  this  case. 
The  record  shows  that  the  water  of  Chemung  River  is  of  good  phys- 
ical quality,  but  is  polluted  by  wastes.  Compared  with  Susquehanna 
River  at  Binghamton  the  water  here  shows,  on  the  average,  somewhat 
higher  turbidity  and  color,  while  it  contains  considerably  more  hard- 
ening constituents.  From  a  bacteriologic  standpoint  the  record  for 
Chemung  River  is  unsteady,  showing  that  usually  the  water  con- 
tains little  impurity,  and  only  now  and  then  betrays  the  excess  of 
organic  matter  which  is  i)oured  into  the  stream  from  the  cities  on  its 
banks. 


SUSQUEHANNA     RIVER   JUST     ABOVE    NORTHERN    ANTHRACITE 

COAL   BASIN. 

In  the  table  below  are  given  a  few  results  of  analysis  of  samples 
taken  from  the  river  just  above  the  northern  anthracite  coal  basin. 
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Anal^Mes  of  water  frcm  Susquehanna  River  Just  above  nortfiem  anthracite  coal 

basin. 


[PRTts  per  million.] 


Tarbld- 
ity. 


Feu.  ll.iaOO 
Ibr.  18.1W0 

Apr.    7,ia» 

Mmj  Ui,ia» 

Get.  27,1901 

Dec.  — ,lJ8ae 
Feb.  15,190B 
May  22.1903 

Jnlj  20,1908 
Sept.lS,19QB 


0     10 


Very  '  20 
txirbia. 


i  Hardneofi. 


I  i  '  if 

o  n 


Cons. 
0 

Slight. 

0 

40 

6 

10 

8 


15 

12 

10 

10 
17 

8 

20 
17 


0 
Faint. 


0.072  jO.00i  O.000 
.IM 


Faint,  i  .202 


Very 
faint. 

Very 
faint. 

0 

0 

Ve  ry 
faint. 

0 

0 


102 


OBR  I  .000 

I 
I 

.014  I  .000 
.020  ,  .000 


10.260 
.200 

.000 
.080 


.082     .242     .000  .000 

I  I  I 

.058  I  .018     .000  I  .000 

.118  ,  .090     .000  i  .006 


1.860 
1.786 

1.O07 
1.966 


127 
168 

161 
142. 


4 


o 


6.2 


6.000  I  166 


.132     .006     .001 

I 


.000 


.158  j  .082     .000  ,  .000  , 
.106  ,  .044  ;  .000  .  .002 


4.090 
2.000 
3.200 

3.000 
2.400 


130 
112.  J 
132.1 

126 
129.1 


107.5 

81.4 
8.9    32.5 
20.1     09.0 


12.7 
4.8 


47.8 
67.1 


1;  o  fe  "^  J 
n 


I.' 


5.1 

a4 


1,980   10.8 
2,750     3.5 


2,450     4.6 
2,000  I  5.2 


The  analyses  in  the  above  table  denote  a  water  which,  except  for 
its  high  chlorine  content,  appears  to  be  excellent,  and  if  the  history 
of  the  stream  above  this  point  were  not  known  it  might  be  maintained 
that  the  water  conld  be  nsed  with  safjety  for  domestic  purposes.  In 
its  coarse  from  Binghamton  and  Elmira  across  the  sparsely  settled 
country  the  water  has  become  somewhat  purified  and  shows  a  distinct 
improvement.  It  is  clear,  almost  colorless,  and  comparatively  soft, 
but  is  unfit  for  domestic  uses  unless  purified. 

SUSQUKHANNA  RIVER  IN  NORTHERN  ANTHRACITE  COAL  BASIN- 

8BWAOE  POLLUTION. 

In  tbe  northern  anthracite  coal  basin  the  conditions  along  the  Sus- 
quehanna are  entirely  different  from  those  previously  encountered. 
At  Pittston  the  river  is  joined  by  the  Lackawanna,  which  flows  near 
the  median  line  of  the  coal  basin  and  draws  most  of  its  water  from  it. 
The  Lackawanna  is  not  a  large  river,  and  of  all  streams  in  the  United 
States  it  is  probably  the  least  attractive  in  appearance.  It  contains 
sewage  from  Carbondale,  Archbald,  Jermyn,  and  Scranton. 

Carbondale,  situated  in  Lackawanna  County,  upon  LackaM^anna 
River,  has  a  population,  according  to  the  Twelfth  Census,  of  13,536. 
The  public  works  consist  of  a  sewerage  system  and  municipal  water 
supply,  the  latter  being  under  the  control  of  a  private  corporation. 
The  municipal  sewage  is  poui'ed  directly  into  Lackawanna  River,  but 
there  are  no  manufacturing  plants  which  produce  any  important 
amount  of  polluting  material.  Above  the  city  the  river  presents  a 
fairly  acceptable  appearance.     It  has  a  sluggish  flow  at  low  water. 
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but  rises  quickly  after  heavy  precipitation.  Considerable  discomfort 
is  experienced  at  times  by  persons  living  along  the  river  below  the 
city. 

Carbondale  is  supplied  with  an  impounded  water  conserved  in 
Crystal  Lake,  a  few  miles  west.  An  artificial  distributing  reservoir  is 
situated  east  of  the  city  on  high  ground.  The  daily  consumption  is 
3,500,000  gallons,  equivalent  to  260  gallons  per  capita.  Crystal  Lake 
is  a  body  of  water  195  acres  in  extent,  while  the  artificial  reservoir 
covers  35  acres.  Its  surface  is  about  200  feet  above  the  average  dis- 
tributing reservoir. 

Scranton,  situated  in  Lackawanna  County,  along  Lackawanna 
River,  has  a  population,  according  to  the  Twelfth  Census,  of  102,02G. 
It  is  provided  with  a  sewerage  system,  the  total  cost  of  which  up  to 
August,  1902,  was  $720,500.  The  river  which  flows  past  the  city  is 
usually  a  black,  foul,  ropy  mavSS  of  fluid,  due  to  the  enormous  amounts 
of  culm  and  municipal  waste  turned  into  it.  There  are  no  industrial 
plants  in  Scranton  from  which  damaging  waste  is  turned  into  the 
sewers. 

Scranton  is  provided  with  an  impounded  water  supply,  the  sj^stem 
being  owned  by  the  Scranton  Gas  and  Water  Company.  A  descrip- 
tion of  this  system  will  be  found  in  subsequent  pages. 

COAL-MINE  WASTE. 

In  addition  to  the  large  amounts  of  sewage  there  are  discharged 
into  Lackawanna  River  enormous  amounts  of  coal-mine  waste.  This 
is  a  peculiar  solution  containing  a  high  percentage  of  calcium  sul- 
phate, free  sulphuric  acid,  and  iron.  Concerning  this  waste.  Dr. 
Charles  B.  Dudley,  of  Altoona,  Pa.,  makes  the  following  statement: 

Much  trouble  is  exx>erienced  in  Pennsylvania,  Ohio,  Indiana,  and  Illinois  from 
the  corrosiye  condition  of  the  water  that  must  necessarily  be  used  in  steam 
boilers.  The  sources  of  supply,  esx)ecially  the  rivers  and  small  streams  in  those 
States,  receive  large  amounts  of  drainage  from  coal  mines,  and  this  drainage  is 
extremely  corrosive.  To  such  an  extent  is  this  the  case  that  at  the  Homestead 
Steel  Works,  in  order  to  neutralize  the  corrosive  characteristic  of  Monongahela 
River  water,  many  barrels  of  soda  ash  are  used  every  month. 

The  corrosive  material  in  water  contaminated  with  mine  drainage  may  he  two- 
fold, namely,  it  may  be  free  sulphuric  acid  or  it  may  be  sulphates  of  iron  and 
alumina.  The  origin  of  the  sulphuric  acid  and  sulphates  is  undoubtedly  from 
the  coal.  It  is  believed  that  coal  may  contain  sulphur  in  three  forms,  namely,  as 
sulphate  of  lime,  as  sulphide  of  iron  or  iron  pyrites,  and  possibly  as  organic  sul- 
phur. Just  exactly  how  this  sulphur  is  converted  into  either  sulphuric  acid  or 
sulphates  of  iron  and  alumina  has  possibly  not  yet  been  determined,  but  samples 
of  coal  have  been  obtained  from  certain  mines,  which  on  being  coarsely  crushed 
and  put  in  a  funnel  and  washed  with  distilled  water  actually  yield  free  sulphuric 
acid  in  the  filtrate.  More  commonly,  however,  the  drainage  from  the  mines 
comes  out  of  the  mines  in  the  form  of  protosulphate  of  iron,  FeS04.  On  exposure 
to  the  air  this  salt  breaks  up,  yielding  hydrated  oxide  or  free  basic  sulphate  of 
iron,  which  precipitates  and  gives  a  yellowish  color  to  many  of  the  waters  of  the 
small  streams  into  which  the  mine  drainage  runs,  and  sesquisulphate  or  ferric 
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sulphate,  which  remains  in  solntion.  This  ferric  solphate  when  brought  in  con- 
tact with  metallic  iron  or  steel,  such  as  the  inside  of  a  boiler,  attacks  iron  freely, 
the  metal  being  converted  thereby  into  protosalt  again.  Fresh  water  containing 
oxygen  being  added  to  the  boiler  as  feed  water,  apparently  the  protosalt  again 
breaks  up  into  hydrated  oxide  or  basic  sulphate,  which  is  thrown  out  of  solution, 
and  ferric  sulphate,  the  same  operation  being  repeated  over  and  over  again, 
resulting,  as  is  readily  seen,  in  very  rapid  destruction  of  boilers.  The  separated 
hydrate  or  basic  sulphate  of  iron  is  washed  out  usually  as  a  reddish  powder. 
Waters  containing  mine  drainage  do  not  usually  form  scale  in  the  boilerH,  and  as 
long  as  any  carbonates  of  any  kind  are  present,  even  if  the  water  contains  mine 
drainage,  there  is  no  corrosion.  Accordingly  where  mine-drainage  waters  must 
be  used  it  is  customary  to  add  soda  ash  in  certain  amounts  sufficient  to  a  little 
more  than  react  with  the  ferric  salts  that  may  be  in  the  water,  and  if  perchance 
mixed  waters  are  used,  some  of  which  contain  mine  drainage,  and  some  contain 
sufficient  carbonate  of  lime  in  solution  as  bicarbonate  to  react  with  the  iron  salts, 
there  is  no  corrosion. 

Results  of  analysis  of  three  representative  samples  of  this  mine 
waste  are  given  below.  The  analyses  were  made  for  the  (leologieal 
Survey  by  Mr.  George  C.  Whipple,  of  Mount  Prospect  Laboratory, 
Brooklyn,  N.  Y. 

Analyses  of  three  samples  of  mine  xtastefrom  northern  anthracite  coal  basin, 

Pennsylvania. 
[Pftrts  per  million.] 


1. 

2. 

3. 

Turbidity 

130 
26 
0 
.082 
.094 
.176 
.840 
.004 
.000 
1,977 
279 
1,698 
1,036 
164 
143 
3.3 
4 
347.7 

210 
23 
0 
.094 
.070 
.164 
2.400 
.007 
.000 
3,003 
280 
2, 723 
1,424 
150 
393 
6 

11.3 
738.7 

190 

Color  .- 

6 

Odor_.. 

0 

Albuminoid  ammonia  in  solution 

.034 

Albuminoid  ammonia  in  susDension 

.022 

Al'Hu''ninni<i  ammonia  totAl 

.056 

Ftpp  a?nTnoTiia 

.282 

Nitrites 

Nitrates _ 

.000 
.000 

Total  residue  on  evaporation 

792 

Loss  on  ignition 

-64 

Fixed  solids _ _ 

728 

Calcium  and  magnesium  sulphates 

Sulphuric  acid 

477 
39 

Oxide  of  iron 

78.6 

Snrli-nTn  r.hloride 

.7 

ATnmoTiinTn  imlphate 

1.3 

f>i1ica  and  alTiTnina  .  . 

131.4 

1.  From  Mineral  Railroad  and  Mining  Company,  collected  from  pump  No.  1 , 
snmp,  Cameron  colliery,  Shamokin,  Pa. 

3.  From  slope  No.  4,  Susquehanna  Coal  Company,  Nanticoke,  Pa. 

3.  From  pump  delivery  at  Short  Mountain  colliery,  Lykens  Valley  Coal  Com- 
pany, Lykens,  Pa. 
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The  three  samples  above  described  are  representative  types  in  the 
anthracite  region. 

The  above  analyses  do  not  show  the  most  important  facts  desirable 
in  this  discussion.  The  determinations  of  turbidity,  color,  odor,  and 
the  four  nitrogens  are  without  special  consequence,  although  they 
retain  a  measure  of  interest  because  the  amounts  of  albuminoid  and 
free  ammonia  are  very  large  in  comparison  with  the  nitrites  and 
nitrates.  This  would  seem  to  indicat>e  that  the  organic  matter  in  the 
mine  water  is  the  result  of  recent  pollution.  This,  however,  is  prob- 
ably incorrect.  The  organic  matter  has  a  remote  source  and  has 
remained  available  in  the  first  stages  of  oxidation  because  of  the  lack 
of  oxygen. 

The  most  important  part  of  the  analytical  statement  is  that  which 
begins  with  the  results  of  the  determination  of  total  residue  on  evapo- 
ration. The  residue  is  extremely  large,  especially  in  Nos.  1  and  2. 
The  loss  on  ignition  is  extensive  in  all  three  samples,  and  without 
doubt  there  was  driven  off  a  large  proportion  of  matter,  the  nature 
and  amount  of  which  should  have  appeared  in  the  list  of  inorganic 
ingredients.  For  example,  the  amounts  of  sulphuric  acid  which 
appear  are  entirely  insufficient  to  combine  with  all  the  iron  and 
alumina,  and  it  is  probable  that  a  large  part  of  the  matter  lost  on 
ignition  was  sulphuric  acid.  These  wastes  are  known  to  be  highly 
acid,  and  there  is  probably  an  excess  of  sulphuric  acid  over  that 
required  to  combine  with  the  iron  and  alumina  in  the  solution, 
although  it  is  apparent  that  the  evidences  of  free  acid  which  appear 
by  reason  of  the  corrosive  properties  of  the  water  may  be  due  to  the 
ferric  sulphate. 

It  is  unfortunate,  too,  that  a  separate  determination  was  not  made 
of  the  amount  of  alumina,  for,  as  will  be  shown  in  the  following 
pages,  this  mine  waste  has  remarkable  coagulating  and  precipitating 
properties,  which  are  believed  to  be  due  to  aluminum  sulphate. 

The  analyses  show  unmistakably  that  the  water  is  highly  corrosive 
and  probably  scale-forming,  although  in  the  presence  of  acid  the  cal- 
cium sulphate,  of  which  the  water  contains  so  high  a  proportion, 
would  not  be  precipitated  as  a  scale,  but  in  the  form  of  a  powder. 

CULM  WASTE. 

The  third  waste  which  is  turned  into  Lackawanna  River  is  very  fine 
coal,  or  culm.  This  mat>erial  is  discharged  into  the  streams  of  this 
region  in  enormous  quantities  from  the  coal  washeries.  A  washery  is 
a  plant  erected  for  the  purpose  of  working  over  the  old  waste  piles 
(see  PL  I,  A)  to  secure  coal  which  in  the  earlier  times  and  cruder 
methods  of  handling  passed  out  as  waste.  The  fine  material  is  sepa- 
rated from  the  coarse  by  a  sort  of  decantation  process,  the  supernatant 
water  loaded  with  coal  dust  being  turned  into  the  streams.  Wherever 
it  is  turned  into  a  small  brook,  where  the  amount  of  water  is  not  suf- 
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ficient  to  transport  the  culm,  the  stream  bed  soon  becomes  filled,  and 
in  some  cases  no  channel  is  left,  the  water  running  at  will  over  the 
lands  adjoining. 

This  black  combination  of  sewage,  acid  mine  waste,  and  culm  slowly 
makes  its  way  down  the  valley.  Here  the  sediment  has  filled  a  depres- 
sion and  there  it  has  been  pileil  high  on  one  side  of  the  stream.  Along 
the  Lackawanna  near  its  confluence  with  the  Susquehanna  the  level 
of  the  bottom  land  has  been  raised  and  the  stream  winds  through  a 
broad  tract,  changing  its  course  through  the  loose,  shifting  piles  at 
everj^  influx  of  storm  water. 

The  Susquehanna  at  its  confluence  with  the  Lackawanna  undergoes 
a  complete  change.  It  enters  the  coal  basin  a  bright,  clear  stream. 
Below  the  mouth  of  the  Lackawanna  the  inky  black  trail  extends 
downstream  along  the  eastern  shore  and  may  be  seen  for  a  long  dis- 
tance, while  on  the  opposite  side  the  water  remains  clear.  As  prog- 
ress is  made  downstream  the  black  swath  becomes  wider  and  wider 
until  finally  it  covers  the  entire  breadth  of  the  channel. 

From  the  mouth  of  Lackawanna  River  southward  the  Susquehanna 
traverses  the  heart  of  the  northern  anthracite  coal  basin  through 
what  is  known  as  Wyoming  Valley.  (See  PL  I,  B. )  In  this  beautiful 
basin  are  situated  the  cities  of  Pittston,  West  Pittston,  Wilkesbarre, 
Kingston,  Plymouth,  and  Nanticoke,  which  combined  have  a  popula- 
tion of  99,734. 

EFFECT  OF  MINE  WASTES. 

The  sewage  from  these  towns  and  enormous  amounts  of  culm  and 
mine  waste  are  poured  into  the  Susquehanna.  The  river  along  this 
portion  has,  however,  only  a  slight  grade,  and  at  the  lower  end  of  the 
valley  there  is  a  dam.  This  structure,  about  7  feet  in  height,  backs 
up  the  water  to  Wilkesbarre  and  forms  a  slack-wat^r  basin  which 
serves  as  an  excellent  sedimentation  reservoir  in  all  except  high 
stages  of  the  river. 

Before  discussing  in  detail  the  effect  of  mine  waste  a  brief  descrip- 
tion of  the  northern  anthracite  basin  will  be  given. 

This  basin  is  divided  into  four  districts:  Carbondale,  Scranton, 
Pittston,  and  Wilkesbarre.  In  that  part  of  the  coal  basin  above 
Nanticoke  dam  there  were  at  the  time  of  the  report  of  the  Pennsyl- 
vania geological  survey,  in  1883,  about  160  shafts  or  slopes.  Without 
doubt  some  of  the  collieries  reported  at  that  time  have  been  "worked 
out,"  but  it  is  equally  probable  that  as  many  more  have  been  opened. 
Therefore  the  total  number  is  at  least  as  great  as  in  1 883,  although 
precise  information  upon  this  subject  has  not  been  obtained. 

It  is  of  course  impossible  to  determine  with  any  degree  of  accuracy 
the  amount  of  mine  waste  that  is  pumped  from  shafts  or  allowed  to 
run  out  from  slopes  into  Susquehanna  River  and  its  tributaries.  At 
only  a  few  mines  are  continuous  records  kept.     At  some  others  the 
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results  of  a  few  days'  run  are  noted,  while  at  others  records  are  made 
occasionall3^  As  the  amount  of  water  which  it  is  necessary  to  punii> 
varies  widely,  it  would  be  imperative  to  have  a  continuous  record  at 
each  shaft  for  a  term  of  years  to  secure  data  of  any  value.  Even 
then  there  would  be  no  record  of  the  water  which  runs  out  of  th<^ 
slopes  requiring  no  pumping.  Below  are  given  some  data  which 
show  the  amount  pumped  at  the  shafts  represented.  These  fig^ures 
are  only  approximately  accurate,  but  are  in  nearly  all  cases  less  than 
the  actual  amount  pumped. 

Mine  waste  jnimped  from  collieries  in  northern  anthracite  coal  basin ,  Pennsylvania . 


Company. 


Colliery. 


Scranton  Coal  Co. 


Hillside  Coal  Co. 


Pennsylvania  Coal  Co. 


Lehigh  and  Wilkesbarre  Coal 
Co. 


Johnson  No.  1 

Johnson  No.  2 

Richmond  No.  3 . . 
West  Ridge .... 
Richmond  No.  4.. 

Raymond 

Ontario  openings . 

Caponse 

Pine  Brook 

Monnt  Pleasant  . . 
Pancoast 

Forest  City 

Clifford- 

Erie  . . 

Glenwood 

Consolidated 

Elm  wood 

Gypsy  Grove 

No.l 

No.5 

Old  Forge 

Central 

Bamum . 

Hollenbach 

Empire 

Stanton  . 

South  Wilkesbarre 

Sugar  Notch 

Lance 

NottiuKhiini    


Cubic  feet 
per  iH^cond. 

7.04 

.90 
1.29  j 

.26  ! 

.89  j 
3.56 
3.10  I 
4.08 
3. 05 
1 .  39 

.26 

2.74 
2.83 
6.01 
6.  m 
2.01 
4.01 


.79 

.81 

.49  I 
2.59  ' 
6.51 

.28 

1.22 

1.10 
1.30  ' 

.18 

.41 

.41 
2. 25 


Total. 


0-;    >j.> 


I       23. 95 


11.47 
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Mitie  waste  pumped  from  collieries  in  northern  anthnicite  antl  Ixtsin^  Pennsyl- 
vania— Continued. 


Compftny. 


Lt'high  and  Wilkesbaire  Coal 

Co. 


Pariah  Coal  Co 


Delaware  and  Hudson  Co 


Plvmondi  Coal  Co 


Delaware,    Lackawanna  and 
Western  B.  B. 


Temple  Coal  and  Iron  Co 


Colliery. 


Reynolds . 
Wanamie 
Maxwell  . 


Plymouth . . 
Button  wood. 


pep  ftei*cmd. 


Conyngham  (in  April,  1902) . 
Conyngham  (in  May  19()2) 
PlymouthNo.  1  (in  April,  19()t? 

Dodson 

Gaylord  <" 

Archbald 

Avondale  . 

Bellevue 

Bliss. 

Brisbin 

Cayuga 

Continental 

Diamond - 

Dodge  

Halstead 

Hampton 

Holden 

Hyde  Park 

Manville 

Pettebone 

Pyne 

Sloan 

Storrs 

Taylor 

Woodward 

Central 

Central  Air  Shaft  - 


I 


Lackawanna  . . . 

Edgerton 

Mount  Lookout 


.04 

.98 

1.07 

1.32 
.59 

«11.H 
'MO.  2 
</  ai .  22 


1.34 

13.25 

6.14 

2. 76 

2. 73 

2.91 

1 .  58 

4.64 

5. 44 

17.  H2 

1.67 

.49 

1.78 

.54 

1.57 

2.24 


75 


2.64 
4.53 
2.24 
4.64 
1.00 


6.68 
1.11 
3.12 


Ttital. 


8.91 


1.91 


'>ll.(K) 


31.22 
1.44 


82.75 


a  Accurate  reoords. 
^Average  for  Conyngham. 

'*  Qaylord  belongs  to  another  company.    Shut  down  at  time  of  measurement,  and  water  was 
PTuni)ed  thitmgh  Dodson  colliery. 
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Mine  waste  pumped  frow,  collieries  in  northern  anthracite  coal  basin ^  Pennsyl- 
vania— Continued . 


Company. 


Temple  Coal  and  Iron  Co 


Colliery. 


Snsanehanna  Coal  Co.,  Nanti- 
coKe  district. 


Total 


Sterrick  Creek. 

Babylon 

Forty  Fort 

HarryE 


Cnbic  feet 
per  second. 


No.  1« 

No.  2« 

No.  2  Slope  « 
No.  4a 

Steams  « 

Glen  Lyon«. 


4.46 

2.67 

1.78 

1.34 

2.47 

2.09 

.61 

1.30 

.80 

2.03 

Total. 


21.16 


9.30 


227. 49 


a  Actual  ptunpage,  one  day  of  twenty-four  hours,  June,  19GS. 

The  daily  records  of  pumping  at  the  Luke  Fiddler  colliery  by  th<» 
Susquehanna  Coal  Company,  contributed  to  this  report  by  R.  V. 
Norris,  chief  engineer,  show  that  the  average  daily  pumpage  was 
1.27  cubic  feet  per  second  in  1899;  1.33  cubic  feet  per  second  in  10(m», 
and  1.29  cubic  feet  per  second  in  1901.  These  records  are  from  h 
mine  outside  of  the  immediate  area  under  discussion,  but  are  added 
for  the  purpose  of  showing  the  average  yearly  pumpage  and  its  gen- 
eral uniformity  over  long  periods. 

There  are  enumerated  in  the  above  table  74  collieries,  from  which 
are  pumped  227.49  cubic  feet  of  acid  mine  water  per  second.  If  from 
the  remainder  of  the  collieries  in  the  Susquehanna  basin  above  ]^anti- 
coke  dam  there  is  pumped  a  proportionately  equivalent  amount — 
and  this  assumption  is  believed  to  be  fairly  safe — there  is  an  average 
of  491.9  cubic  feet  of  waste  per  second  turned  into  the  river. 

The  flow  of  Susquehanna  River  at  Wilkesbarre  on  September,  1902, 
was  2,100  second-feet.  At  Nanticoke  dam  (see  PI.  II,  -4),  7  miles  below 
Wilkesbarre,  the  flow  at  that  time  was  somewhat  more,  probably 
2,500  second-feet.  Assuming  that  the  pumpage  of  491.9  second-feet 
of  mine  water  is  sufficiently  close  for  practical  purposes,  about  one- 
fifth  of  the  water  flowing  in  Susquehanna  River  through  Wyoming 
Valley  was  acid  mine  waste  artificially  turned  into  the  stream. 
Under  such  conditions  any  effects  which  this  mine  water  might  have 
would  be  most  pronounced. 

The  appearance  of  a  small  stream  into  whit;h  coal-mine  waters  are 
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discharged  is  peculiar.    The  bottom  of  the  channel  is  colored  a  light 
yello^w,  and  there  appear  no  signs  of  vegetation  of  any  kind.     All  fish 
life  in  a  stream  is  immediately  destroyed  at  the  first  appearance  of  coal- 
mine i^aste.    Where  cnlm  as  well  as  acid  mine  waste  is  dumped  into  the 
channel  the  appearance  is  well-nigh  beyond  description.     Many  of  the 
small  brooks  emptying  into  Susquehanna  River  in  Wyoming  Valley 
have   no  permanent  channel;  the  old  channel  has  been  filled  by 
deposits  of  culm,  and  the  stream  takes  a  new  course  whenever  freshets 
arise,  often  covering  fertile  fields  with  culm  and  doing  great  damage. 
The  important  question  to  be  considered  in  this  connection  is  the 
efifeet  of  the  acid  mine  waste  upon  the  water  of  Susquehanna  River. 
It  has  been  shown  that  the  run-oflF  from  the  Lackawanna  basin  is 
hef  onled  with  sewage,  impregnated  with  acid,  and  blackened  by  culm. 
Sosquehanna  River  below  this  point  is  generally  of  the  same  charac- 
ter, as  it  receives  the  pumpage  waters  from  all  the  mines  and  the  sew- 
age from  the  cities  in  Wyoming  Valley.     Below  this  great  influx  of 
putrescible  matter  one  would  confidently  exi)eet  to  find  a  water  of 
high  organic  content,  supporting  enormous  numbers  of  bacteria.    The 
remarkable  fact  is  that  a  series  of  chemical  analyses  shows  that  the 
water  is  actually  more  free  from  organic  matter  at  the  lower  end  of 
Wyoming  Valley  than  at  the  upper.     This  effect  is  traceable  to  noth- 
ing else  than  the  large  amounts  of  mine  waste  which  are  turned  into 
the  stream.     The  analyses  in  the  table  below  show  results  which  are 
altogether  unique.     The  fact  that  the  enormous  quantity  of  fine  culm 
turned  into  Susquehanna  River  a  short  distance  above  Nanticoke  is 
not  apparent  is  due  to  the  coagulating  property  of  the  combination 
which  causes  the  large  quantities  of  fine  coal  and  the  organic  matter 
from  city  sewers  to  precipitate  on  the  bottom  of  the  stream.     It  is 
reall3^  a  somewhat  crude  application  of  the  coagulating  process  used 
in  connection  with  mechanical  filtration.     The  bottom  of  the  channel 
of  Susquehanna  River  shows  that  precipitation  occurs  rapidly,  for 
there  are  places  at  which  the  bottom  has  been  raised  from  8  to  12 
feet,  and,  in  fact,  this  has  been  a  contributory  cause  of  recent  dam- 
aging floods  in  the  city  of  Wilkesbarre. 
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Analyses  of  water  froni  Susquehanna  River  at  Nantieoke  dam. 

[Parts  l^r  million.] 


Date. 


19Q8. 
Nov.  22 
Dec.  20 

1908. 
Jan.  10 
Feb.  14 
Mar.  7 
Apr.  11 
May  8 
July  14  ' 
Aug.  15 
Sept.  14 
Oct.  28 
Nov.  28 
Doc.  21 


• 

5 

Odor. 

1 

Nitrogen  as— 

s 

1 

o 

s 

1 
1 

Hardness. 

08 

1 

St 
0 

IS 

■ 

>> 

1 

1 

i 

is 

< 

■ 

i 

B 

1 

1 

1 

=3 

si 

Feet. 

12 

2.00 

0 

0.078 

0.070 

0.000 

0.0000 

3.8 

134.5 

0.0 

80.0 

4.2 

1,278 

eo 

.22 

IE 

.110 

.046 

.000 

.0000 

2.4 

109.5 

.0 

3(3.5 

11.3 

2.M6 

26 

10.00 

0 

.090 

.050 

.000 

.0000 

2.8 

116.0 

2.9 

47.1 

6.8 

53M 

40 

17.00 

0 

.088 

.030 

.000 

.0060 

2.4 

110.5 

1.3 

40.3 

11.0 

1.580 

50 

18.00 

IE 

.104 

.032 

.000 

.0010 

1.8 

122.0 

5.2 

27.3 

12.1 

35 

18.00 

0 

.080 

.090 

.000 

.0000 

1.8 

98.0 

4.3 

51.4 

9.8 

WO 

10 

15.00 

0 

.104 

.068 

.oa) 

.0004 

3.0 

134.5 

5.7 

82.9 

4.0 

H40 

20 

2.00 

0 

.114 

.102 

.000 

.0000 

3.2 

139.5 

15.7 

70.0 

3.8 

7.U10 

15 

.20 

.110 

.086 

.000 

.0060 

2.4 

121.5 

5.7 

74.3 

4.9 

1,110 

7 

17.00 

0 

.098 

.062 

.000 

.0020 

2.8 

115.5 

10.0 

70.0 

5.6 

l,27t» 

15 

26.00 

.070 

.072 

.000 

.0060 

2.8 

122.0 

5.7 

84.8 

6.5 

400 

15 

.23 

0 

.062 

.042 

.000 

.0000 

2.0 

90.0 

2.8 

68.6 

5.8 

542 

25 

.21 

.082 

.088 

.000 

.0000 

2.2 

94.5 

4.2 

52.9 

8.9 

1,^0 

IMPORTANT  INGREDIENTS  AND  THEIR  VARIATION. 

The  monthly  analyses  of  the  water  in  Sasqnehanna  River  at  th<? 
head  and  foot  of  Wyoming  Valley  afford  an  opportunity  to  show  the 
variation  in  character  of  water  according  to  the  stage  of  the  river. 
The  United  States  Geological  Surve}^  I^SLge  at  Wilkesbarre,  which  is 
read  twice  daily,  is  situated  about  midway  between  the  sampling 
points,  and  therefore  the  readings  express  accurately  the  relative  con- 
ditions with  regard  to  the  river  stage  at  those  points.  Sufficient 
determinations  are  not  at  hand  to  enable  one  to  make  a  positive  state- 
ment regarding  the  relation  of  the  character  of  water  to  the  amount 
flowing  in  the  channel.  However,  the  material  available  shows  the 
relative  changes  and  the  general  variation  in  the  ingredients  accord- 
ing as  the  river  rises  or  falls.  Figs.  2  and  3  show  the  relation  of  tur- 
bidity, chlorine,  normal  hardness,  and  alkalinity  to  quantity  of  water 
in  Susquehanna  River  water  at  opposite  ends  of  Wyoming  Valley. 
In  these  figures  the  character  of  the  water  has  been  used  as  ordinates 
and  the  gage  heights  as  abscissae.  In  fig.  2,  which  represents  the 
determinations  made  at  the  upper  end  of  the  valley,  the  curve  does 
not  vary  widely  from  a  straight  line  drawn  between  the  determina- 
tions representing  the  highest  and  lowest  gage  heights.  The  curves 
show  that  with  an  increased  flow  in  the  stream  the  turbidity  increases, 
while  the  chlorine,  alkalinity,  and  normal  hardness  decrease.  This  is 
a  very  natural  variation  often  exemi)lified  in  rivers,  and  it  would  indi- 
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cate  that  the  fqround  waters  coutribute  the  cnrbonateH,  Hulphates,  hik] 
chlorides,  while  the  waters  that  run  off  dirc'ctly  after  i\  storm  carry 
large  amounts  of  suspended  matter,  with  an  extremely  small  proiK)r- 
tion  of  carbonates,  sulphates,  and  chlorides,  and  serve  to  dilute  the 
inorganic  constituents  generally. 
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GAGE      HEIGHT     IN      FEET 

Fio.  2.— Diagram  Bbowinif  relation  of  character  and  quantity  of  water  in  Susquehanna  River 

at  upper  end  of  Wyoming  Valley. 

Turning  to  the  curves  in  fig.  3,  which  show  the  relations  at  the 
lower  end  of  Wyoming  Valley,  there  is  a  somewhat  wider  variation  in 
the  amounts  as  the  water  in  the  river  increases,  this  being  especially 
true  in  the  case  of  turbidity  and  alkalinity.  This  is  readily  accounted 
for  by  the  fact  that  at  the  head  of  Wyoming  Valley  the  water  in  the 
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stream  is  the  result  of  natural  drainage  and  has  not  been  polluted  to 
any  degree  since  passing  Binghamton,  a  long  distance  above,  while  At 
Nanticoke  dam  the  water  has  been  highly  charged  with  sewage  and. 
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Fio.  3. —Diagram  showing  relation  of  character  and  quantity  of  water  in  Susquehanna  River 

at  lower  end  of  Wyoming  Valley. 

acid  coal-mine  waste.  The  amounts  of  sewage  and  mine  waste,  and 
consequently  the  character  of  the  water,  vary  from  day  to  day.  It 
may  be  expected,  then,  that  the  artificial  conditions  which  exist  to  a 
large  extent  just  above  the  sampling  point  will  cause  the  relations 
between  characteristics  and  gage  height  to  be  less  uniform  than  above 
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the  entrance  of  thi8  unusual  pollution.  However,  in  fig.  3  the  f^an- 
eral  trend  of  the  curves  is  the  same  as  in  fig.  2,  and  even  the  pro- 
nounced effect  of  the  acid  mine  waste  and  sewage  in  Wyoming  Valley 
does  not  make  an  exception  to  the  general  staUMncnt  that  there  is 
increase  in  turbidity  and  decrease  in  chlorine,  normal  hardness, 
and  alkalinity  with  the  rise  of  water  in  Susquehanna  River. 

PUBLIC   WATER  SUPPLIES. 

Before  leaving  the  consideration  of  that  part  of  the  Sus(piehanna 
drainage  area  included  in  the  northern  anthracite  coal  basin  it  will 
l>e  of  interest  to  discn&s  the  domestic  water  supply  in  that  region. 

Along  the  heights  bordering  the  valley  of  Lackawanna  River  and 
in  the  mountains  forming  the  perimeter  of  Wyoming  Valley  (PI.  I,  B) 
are  exceptional  sites  for  storage  systems.  The  water-supply  systems 
of  Scranton  and  Wilkesbarre  and  of  neighboring  towns  have  been 
developed  in  the  highland  regions  in  a  manner  worthy  of  note. 
Naturally  these  highlands  are  ideal  for  water-supply  purposes.  They 
are  excellent  examples  of  that  class  of  lands  which  in  the  opinion  of 
hydrographic  experts  should  be  forever  set  aside  for  the  raising  of 
timber  and  the  conservation  of  water.  Indeed,  they  are  goo<l  for 
nothing  else.  Agriculture  is  practically  an  imi)ossibility,  for  the  soil 
is  both  poor  and  shallow.  A  plowed  field  in  this  highland  region 
after  a  rain  has  washed  the  loose  earth  from  the  small  stones  appears 
like  a  waste  heap  of  some  quarry.  Only  along  the  bottoms  of  the 
Susquehanna  is  there  any  good,  arable  land. 

The  entire  region  has  been  deforested.  Save  for  scrub  thicket  and 
immature  trees,  which  may  at  some  distant  date  produce  timber,  the 
hills  are  bare.  There  are  few  places  in  the  east  where  the  natural 
beauties  of  mountain  scenery  and  the  natural  resources  of  timber 
lands  have  been  destroyed  to  the  extent  that  has  taken  place  in  north- 
ern Pennsylvania.  One  may  journey  for  miles  without  encountering 
a  mature  tree.  The  situation  is  an  excellent  one  in  which  to  consider 
the  value  and  possibilities  of  intelligent  forestation.  The  water 
resources  of  the  country  are  great,  but  this  very  greatness  only 
serves  to  indicate  what  might  have  been  if  the  timber  had  not  been 
destroyed.  .Judicious  cutting  would  have  been  beneficial;  in  any 
event,  it  would  not  have  been  practical  devastation. 

UNPOLLUTED  SOURCES. 

Although  the  locality  here  dealt  with  is  generally  populous,  settle- 
ment along  the  ridges  is  sparse.  Water  of  gi'eat  purity  is  available 
almost  anywhere.  In  the  following  table  are  recorded  analyses  of 
waters  from  various  small  tributaries  of  the  Susquehanna.  Some  of 
these  waters  are  normal,  and  the  whole  table  indicates  extremely  well 
the  general  character  of  the  run-off  in  this  region.  The  records  were 
contributed  by  the  Spring  Brook  Water  Supply  Company,  of  Wilkes- 
barre,  through  its  chemist,  W.  H.  Dean. 
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Analyses  of  toaters  from  unpolluted  tributaries  of  Susqiiehanna  River   i^t 

northern  anthracite  coal  basin. 

[Parte  per  million.] 
HUNT8VILLE  RESERVOIR. 
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43 


u 

S3 


May  3  |  Slight. 
June  9  i  Cons. 
July  12  '  Slight. 
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1900. 
June  16 
Sept.  17 
Oct.  19 
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2.000  101.0 


2.400  117.5 


Location. 


GARDNERS  CREEK. 


1899. 

Aug.  10 

0 

Dec.  27 

0 

1900. 

Feb.  22 

Cons. 

June  15 

0 

0.000 
.000 

.000 
.000 


0.000 
.000 

.000 
.000 


1.200 

LOOO 
.800 


39.5 

30. 0 

74.0 

18.2 

166.0 

68.5  ' 

MILL  CREEK. 


1899. 

Mar.    4 

Slight. 

1.0 

0 

0.046 

0.020  1 

Apr.  22 

0 

.5 

0 

.038 

.012 

Apr.  26 
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.8 
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.044 

.020 

July  19 
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3.0 

Strong. 

.088 

.186 

July  19 
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2.0 

Moldy. 

.254 

.096 

July  19 

Slight. 

2.0 

Foul. 

.080 

.022 

July  20 
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1.5 

Moldy. 

.330 
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July  28 
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2.0 

Sw'mpy. 
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0 
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.042 
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0 
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.800 


72.5 
70.0 
76.6 
75.0 
86.5 
75.0 
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60.5 

62.0 
64.5 


12.7 
11.1 
12.7 


26.0 
11.1 


Intake  wat<er'Wf»rlEK. 

Do. 
Storage  reservoir. 
Bottom  reservoir. 
Top  reservoir. 
Intake  waterworks. 
Top  reservoir. 
Bottom  reservoir. 
Intake  waterwork.M. 
Reservoir. 

Intake  waterworks. 
Do. 
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AncUpses  of  waters  from  unpoiluted  tributaries  of  Siuufnehanna  Rit^r  in 

northern  anthracite  ctxtl  basin — Continneil. 

MILL  CREER  -  <\)ntiiioed. 
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LAUREL  RUN. 


Lor»tion. 


o 


65.0   Bottom  reHervoir. 


50.0 


11.1     storage  r«werTolr . 


73. 5  ' Bottom  rw*ervolr. 


52.5 
36.0 
81.5 
66.5 
7H.0 


stream  opposite  dam. 

Bot torn  n«ervoir. 

9. 5  ^  Intake  waterworlm. 
15.6    Bottom  reservoir. 
Intake  waterworks. 


1.H0B. 

Xar.    4 

Apr.  19 
Apr.  22 
Apr.  2* 
Apr.  22 

iirjo. 

Mar.  29 
Mar.  29 
Apr.  SO 
May  4 
May  12 
May  .30 
May  30 

July    7 

(Vt.  29 
Not.  2» 
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JtUy     1 
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r>ct.  31 
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0 
0 
0 


0 
0 


.5 
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I 
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0 
0 
0 
0 
0 

0 
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0 
0 
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0 
0 
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.5 
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.006 
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.064 


I 

0.000  0. 
.000 
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.006 
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.898 
1.260 

.586 
1.070 


98.5 
64.0 
74.0 
66.0 


1.000  118.5 


1.400 

L600 

.800 

.800 

.800 


89.0 
57.5 
68.5 

57.5 


1.200  ,  41.5 

I 

I 

3.200  .  60.0 

1.800    79.0 
2.200  ! 


Laurel  Run. 
No.  1  reservoir. 
Kellejrs  Ran. 
Gin  Creek. 
Above  Gin  Creek. 

Kelleys  Ran. 
Laurel  Run. 

Do. 

Do. 

Below  Gin  Creek. 

Dynamite  works. 

Above    dynamite 
works. 

Below    dynamite 
works. 

Gin  Creek. 


1.000  I  95.0 
1.400  ,108.0 
1.200  I  09.5 


2.000  I  55.5 
68.0 


I 


No.  2  dam. 

Do. 
Do. 
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SCRANTON  SYSTEM. 

The  water  supply  of  the  city  of  Scninton  is  owned  by  the  Scran t.011 
Gas  and  Water  Supply  Company,  of  which  W.  M.  Marple  is  olii<*f 
engineer.  The  water  is  obtained  from  upland  brooks  from  which,  iill 
apparent  dangerous  contamination  has  been  eliminated.  The  follow- 
ing facts  with  reference  to  the  system  were  contributed  by  Mr.  Mar- 
ple. The  principal  impounding  reservoirs  are  known  as  Scran  to  li 
Lake  and  Elmhurst  reservoir.     (PI.  11,  B,  and  PI.  Ill,  B.) 


Fig.  4.— Plan  of  valve  honsefl  at  S<*ranton  Lake  dam. 

Scranton  Lake  h*is  an  area  of  about  225  acres,  a  capacity'  of 
2,513,072,000  gallons,  and  a  spillway  elevation  of  1,282.28  feet.  It  is 
situated  in  the  basin  of  Stafford  Meadow  Brook  and  has  a  direct  con- 
tributing area  of  8  square  miles.  In  addition  to  this,  however,  37 
square  miles  are  indirectly  contributory  through  a  36  by  30  inch  cast- 
iron  pipe,  which  conducts  water  from  Elmhurst  reservoir.     The  latt<?r 
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is  situated  in  Roaring  Brook  basin  and  has  an  area  of  105  acres  and  a 
capacity  of  1,393,459,000  gallons.  The  spillway  is  at  an  elevation  of 
1.425.5  feet,  while  the  business  portion  of  the  city  of  Scranton  is  but 
743  feet  above  sea  level. 


Reservoirs  in  Scranton  water-supply  system. 


Beserroir. 


Scranton  Lake  <> 


Williamfl  Bridge 

Xo.  5  diatribating  ^ 

Ehnimrst 

Oak  Run  <^ 

Lake  Hemy  <* 

Xo.  T  distributing  ' 

Damnore  S3rBtem 

Providence  system:/ 

Griffin _ 

Smnznit  Lake 

3  small  distribut- 
ing reservoirs 
(combined  area) . 


Draimgearea. 


Stafford    Meadow 
Brook. 

...  .do _.. 

do 

Roaring  Brook  .   . 

do 

do 

do 


Little  Roaring 
Brook. 

Leggitts  Creek 

do 

do , 


Area  of 

w»t«*r 

Borface. 


Acres. 
225 

42.  ft 

10 
195 
75 
69 
19 
22.5 

105 

54 

4 


hcztent  of 

,  oootrib-  iEle^itionof 
Capacity.,    ntlng     ;    spUlwav 
drainage  i  above  tide. 


Million 
gaUofu. 

2,514 


348 

32 

1,393 

418 
205 
100 

78 

579 

212 
9 


Square 
milet. 


45 

\U 
34| 

2i 


13 
2to3 


Feet 
1,282.8 

1,360.6 
922.2 
1,425.5 
1,467.8 
1,905.8 
1,058.5 
1,212.62 

1,354.4 
1,378.4 


■Immediate  dramage,  8  square  miles.  Sapplexnentary  by  36  by  30  inch  pipe  from  ElmburBt 
^eaerToir,  37  nqnare  mllee. 

^Xo.  5  distributing  reeefvoir  is  3  miles  below  Scranton  Lake.  It  ia  kept  full  by  water  of 
Scranton  Lake. 

^Oak  Ron  reservoir  is  on  a  snuiU  creek  of  same  name  and  is  included  in  drainage  area  of  Elm- 
huret  reservoir. 

'^Lake  Henry  is  principally  fed  by  springs. 

«No.  7  distributing  reservoir  is  on  Roaring  Brook,  nearly  7  miles  below  Elmhurst  (in  borough 
of  Dtmmore).    There  is  18  square  mi^  of  drainage  area  between  it  and  Elmhurst. 

/Undetermined. 
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Scranton  Lake  dam  is  about  325  feet  long  (PL  III,  A),  At  the 
south  end  is  a  core  wall  of  hydraulic  masonry  265  feet  long,  with  earth 
embankments,  which  slope  S^to  1  on  the  inside  and  3  to  1  on  the  out- 
side. The  spillway  is  situated  about  one-fourth  mile  from  the  dam 
in  a  natural  depression  100  feet  wide.  Details  of  the  dam  construc- 
tion are  shown  in  figs.  4,  5,  and  6.  There  are  two  gate  houses,  one  at 
the  dam  and  the  other  at  the  opposite  end  of  the  reservoir.  The 
former  has  sluice  gates  at  different  levels  and  there  are  four  36-inch 


Fig.  6.— Rear  elovation  of  valvo  house  at,  S<*ranton  Lake  dam. 

valves.  The  masonry  structure,  which  is  surmounted  by  an  arch- 
bridge  driveway,  is  very  substantial  and  represents  an  excellent  tyjx* 
of  the  municipal  water-supply  dam  common  in  the  northeastern  part 
of  the  United  States.  v 

WYOMING   VALLKY  f^YSTEM. 


The  water-supply  system  of  Wyoming  Valley,  which  includes  the 
municipalities  of  Pittston,  West  Pittston,  Wilkesbarre,  Kingston, 
Plymouth,  Nanticoke,  and  smaller  places,  is  owned  by  the  Spring 


i-iicBToit-l  CBARACTER    OF   aUBFACK    WATERS.  41 

Brouk  'Water  Supply  Compauy.  The  syttU'iii  in  nn  exteosive  one.  A 
portion  was  vouatruct^d  for  the  various  municipalities  Iiy  separate 
'-oiupanies  which  were  aft^rwardH  vonsolidatetl,  and  other  parts  have 
Ix^D  oonstrueted  since.  Some  of  the  original  plant  has  been  aban- 
iloned,  notably  those  systems  which  involvetl  the  pumping  of  water 
from  Susquehanna  River. 


Fill.  e.-Cr.jM  i«rti,in  uf  valve  liun«  and  .iam  at  S.™.i1..h  Lsks. 

Thirty-three  reservoirs  and  intakes  are  scattered  over  the  region. 
As  many  of  these  l>asins  are  eon neo ted  by  an  intricalie  system  of  pipes 
and  gate  valves,  the  water  from  almost  any  of  them  can  be  delivered 
to  any  part  of  the  valley,  according  to  the  temporary  conditions  in  the 
variotis  drainage  areas. 
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The  following  list  of  reservoirs  comprising  the  Wyoming  Valley 
system  is  published  by  courtesy  of  O.  M.  Lance,  general  manager  for 
Spring  Brook  Water  Supply  Company. 

Reservoirs  of  water  supply  system  controlled  by  Spring  Brook  Water  Supply  Com- 
pany, of  Wilkesbarre,  Pa, 


Reservoir. 


1 
2 
3 


5  I 


6 

7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 


Maple  Lake  . . . 

Nesbitt 

Ronnd  Hole... 

Intake 

Covey 

Trout    and 
Monnment. 

Intake  _ 

Laflin 

No.  1 

Intake 

do 

No.2 

No.  1 

Crystal  Lake . . 

Intake 

No.  4 

No.  1 

No.  6 

No.  5 

Red  Mill 

Intake 

Storage 

do 

Intake  _ 

Storage  .   . .  . . 

Intake 

do 

No.  2  ...   - 

No,8 

No.4 

Storage 

Intake  2  

Intake  1 . . . 

Total  _-. 


stream. 


Drainage 
area. 


Spring  Brook 

do _ 

do 

do 

Covey 

Reservoir 


Gardners  Creek 

do  _ 

Mill  Creek 

do - 

Deep  Hollow  .  _ . 
Lanrel  Run  . . . . 
do .... 

Statlers  Creek . . 
Crystal  Spring  . 

do 

do 

do 

do 

Sugar  Notch    . . 

do '. 

Hanover 

do 

Wanamie 

do 

Coal  Creek 

do . 

do 

do 

Huntsville 

do 


- ....  I 


I 


Sq.  miles. 

1.07 

15.74 

36.00 

53.00 

.47 

7.52 

2.13 

2.88 

5.07 

10.00 

.87 

8.35 

8.95 

2.95 

.17 

2.96 

4.00 

.44 

2.18 

7.38 

1.35 

.04 

.46 

.54 

.77 

.91 

4.07 

3.47 

-2.50 

1.45 

8.44 

14.84 

14.84 


Capacity. 


115.91 


Gallona. 

300, 000, 000 

75, 000, 000 

1,822,300,000 

50,000,000 

10,000,000 

10,000 

70, 400, 000 

10,000 

616, 700, 000 

4,000,000 

1,000 

10,000,000 

6,000,000 

1,310,000,000 

10,000 

10,000 

1,000,000 

10,000 

10,000 

20,000 

20,000 

5,000,000 

4,000,000 

50,000 

10,000,000 

50,000 

1,000,000 

2,500,000 

2,500,000 

6, 000, 000 

1,750,000.000 

2,000,000 

3,000,000 


Cubic  feet . 

40,000,000 

1,000,000 

173, 306, 000 

6, 666, 600 

1,383,300 

1,830 

9,386,600 

1,830 

82, 226, 600 

533,300 

130 

l,a38,300 

800,000 

174,666,600 

1,380 

1,330 

133,300 

1,330 

1,330 

2,660 

2,660 

666,600 

533,300 

6,600 

1,383,300 

6,600 

133, 300 

383,300 

333,300 

800,000 

233,383,300 

266,600 

400,000 


5,541,600,000 
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The  iai*gest  i*eservoir  noted  in  the  Al>ove  t^ible  is  that  at  Round 
Hole  on  Spring  Brook.  As  this  reservoir  is  of  recent  construction  it 
is  of  considerable  interest  in  that  locality  and  of  general  interest  to 
the  engineering  profession.  The  construction  did  not  involve  any 
unusual  engineering  difficulties,  although  it  presented  some  peculiar 
features.  The  work  was  done  by  the  Water  Supply  Company  with 
its  own  laborers  working  by  the  day.  The  project  was  planned  and 
executed  by  Mr.  John  Lance,  engineer  of  the  company.  The  stone 
was  quarried  upon  the  drainage  area  and  brought  to  the  site  by  a 
specially  constructed  switch-back  road,  which  was  also  built  by  the 
company.     The  whole  plant  was  completed  at  exceedingly  small  cost. 

Round  Hole  reservoir  is  situated  6  miles  from  Moosic  station  on  the 
Delaware  and  Hudson  Railroad.  It  has  a  length  of  1.5  miles,  an  area 
of  118.7  acres,  and  a  capacity  of  1,322,000,000  gallons.  The  drain- 
age area  above  the  dam  is  36  square  miles.  At  the  dam  the  water  is 
87  feet  deep  and  at  the  spillway  is  at  an  elevation  of  1,155.13  feet 
above  sea  level.  The  dam,  of  which  two  views  are  shown  on  PL  IV, 
is  500  feet  long;  280  feet  of  this  is  masonry.  The  remainder  is  an 
earthen  embankment  with  masonry  core  wall.  Two-foot  wing  walls 
(PI.  IV,  A)  retain  the  embankment  at  its  junction  with  the  ma- 
sonry. On  the  west  end  of  the  masonry  the  structure  joins  the 
natural  rock,  which  rises  in  a  precipitous  bluff  to  a  height  of  about 
20  feet  above  the  dam  crest.  The  dam  foots  in  the  bed  rock,  which  was 
excavated  to  a  depth  of  15  feet.  The  height  from  foundation  to  cap- 
stones is  104  feet. 

The  £ross  section  of  the  dam  (see  fig.  7)  is  based  upon  a  right  tri- 
angle having  its  base  three-fourths  of  its  altitude.  The  crest  is  9  feet 
thick  and  the  lower  edge  along  the  spillway  is  appropriately  curved. 
Below  this,  on  the  lower  face  of  the  dam,  is  a  batter  of  9  inches  per 
foot.  The  determination  of  stress  showed  the  necessity  of  a  batter  of 
one-half  inch  per  foot  on  the  back  face  of  the  dam,  commencing  30 
feet  below  the  overflow.  On  the  foot  of  the  spillway  a  curve  of  20 
feet  i-adius  was  introduced  for  horizontal  deflection  of  falling  water. 
The  spillway  channel  below  the  dam  is  heavily  paved  with  large  cut 
blocks  for  about  100  yards. 

There  ai*e  37,710  cubic  yards  of  masonry  in  the  dam;  25,085  barrels 
of  cement  were  used,  which  is  equivalent  to  about  1  barrel  to  1.26 
cubic  yaixls  of  masonry.  The  mortar  used  in  construction  was  made 
of  Portland  cement  and  sand  in  proportions,  by  volume,  of  1  cement 
to  3  sand;  that  used  for  pointing  and  filling  exposed  joints  was 
mixed  in  proportions  of  1  cement  to  1  sand.  The  cements  used  were 
Lehigh,  Saylor's,  and  Atlas.  The  stone  used  in  building  the  dam  was 
Pottsville  conglomerate,  a  tough,  gray,  heavy  stone,  which  dresses 
roughly  and  gives  an  admirable  adhering  surface  for  the  cement. 
This  conglomerate  has  a  specific  gravity  of  2.742  and  weighs  165 
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pounds  per  cubic  foot.     The  average  size  of  the  stones  was  0.54  cubic 
yards  and  the  largest  laid  contained  3  cubic  yards. 

The  embankment  at  the  end  of  the  masonry  section  of  the  dam 
rises  to  a  height  equal  to  that  of  the  masonry.  Its  front  and  back 
slope  is  2^  to  1,  and  it  is  paved  on  the  back  face  to  a  depth  of  18  feet 
below  the  spillway  elevation.     The  (tore  wall  supporting  this  embank- 


£1.  ITS  ' 


?  Ftood/evel  eLtrsT 


Maximum  pressure  /0l734/b9 
per s^.ft.    Cocff.ogofnst  sUdlng  0.oi 


per  sq. 
Fia.  7.— Crofw  section  of  Round  Hole  dam. 


t^Mimumor—um  /X336/^ 


-«.'-<*»«  ff/.ro' 


ment  is  3  feet  wide  at  the  top,  extending  to  a  height  of  3  feet  above 
the  spillway.  The  core  is  also  reenforeed  by  buttresses  on  front  and 
back  faces  sloping  1  in  6. 

The  discharge  pipes  are  2  in  number,  30  inches  in  diameter  and 
36  inches  apart.  They  were  carefully  laid  on  wedges  to  a  true  line 
and  a  grade  of  1  per  cent,  and  then  mortar  was  worked  under  and 
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aroond  them.  When  this  had  Het  sufficiently  the  weilges  were 
removed  and  large  blocks  of  stone,  of  Hueh  a  height'  as  to  reach  about 
3  inches  above  the  pipes,  were  set  on  either  side  In^twetm  thein,  the 
$%pace  between  these  blocks  and  the  pipes  being  carefully  filled  with 
mortar.  Other  large  blocks,  having  a  thickness  of  at  least  15  inches 
and  a  length  at  least  5^^  feet,  were  laid  on  full  l>eds  of  mortar  across 
tho  tops  of  pipes,  but  not  resting  upon  them.  Although  it  was  impos- 
sible to  break  joints  the  mortar  was  so  worked  in  about  the  pipe  that 
no  moisture  was  noticeable  at  the  downstream  face  of  the  dam.  Two 
gates  were  set  on  each  line  below  the  dam,  separated  by  a  piece  of 
pipe  30  inches  long,  and  the  lower  gate  on  each  line  was  anchored 
back  to  the  masonry  to  a  distance  of  15  feet  by  iron  bars,  which  were 
bent  over  a  length  of  12  inches  at  the  ends.  The  capacity  of  these 
pipes  is  about  350,000,000  gallons  per  day. 

In  the  construction  of  this  work  it  was  necessary  to  lay  2.3  miles  of 
railroad  on  a  graded  roadbed  of  an  old  lumber  road,  at  a  cost  of  $7,235. 
A  branch  from  the  construction  road  to  the  quarry,  2  miles  long, 
erected  on  a  steep  side  hill  with  about  1,500  feet  of  rock  work,  cost 
$4,600,  exclusive  of  rails.  Workable  stone  was  obtained  with  the 
first  shot  at  the  quarry,  and  thereafter  cost  of  quarrying  was  about 
$1.59  per  cubic  yard. 

The  average  number  of  men  employed  on  the  construction  was  220, 
and  the  time  occupied  was  from  August  10,  1899,  to  December  14, 
1901,  leaving  out  about  100  days  each  winter. 

The  total  cost  of  the  dam,  including  everything  but  the  railroad, 
was  $240,547.93.     The  masonry  alone  cost  $5.98  per  cubic  yard. 

SUSQUEHANNA    RIVER   BELOW    NORTHERN    ANTHRACITE    COAL 

BASIN. 

After  passing  Nanticoke  dam  the  Susquehanna  emerges  from  the 
northern  anthracite  coal  basin  through  a  deep  gorge,  and  for  some  dis- 
tance flows  in  a  southwesterly  direction  along  the  edge  of  the  coal 
field.  It  makes  an  abrupt  turn  at  Shickshinny  and  flows  south  for 
some  distance,  and  then  takes  a  southwesterly  direction  to  its  junc- 
tion with  West  Branch  at  Sunbury. 

The  country  tributary  to  Susquehanna  River  between  the  northern 
anthracite  coal  basin  and  Sunbury  is  sparsely  settled,  and  save 
for  a  comparatively  small  amount  of  contamination  from  a  few 
towns  along  its  banks  and  considerable  mine-water  drainage  from 
Nescopeck  Creek,  Catawissa  Creek,  and  Roaring  Creek,  which  enter 
from  the  south,  draining  the  middle  coal  basin,  the  stream  is  not 
damaged  to  any  extent.  The  municipalities  of  Nescopeck,  Berwick, 
Mifflinville,  Bloomsburg,  Catawissa,  and  Danville,  containing  a  total 
population  of  22,204,  contribute  a  small  amount  of  pollution  to  the 
stream;  but  from  the  physical  appearance  of  the  water  and  the  general 
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survey  of  the  entire  region  it  is  apparent  that  the  stream  at  Sunbiiry 
is  in  a  better  condition  than  at  Nanticoke. 

WEST  BRANCH  OF  SUSQUEHANNA  RIVER. 

West  Branch  of  Susquehanna  River,  which  joins  the  main  stream 
at  Sunbury,  drains  a  country  in  northern  Pennsylvania  which  has  not 
been  so  thickly  settled  and  upon  which  there  are  fewer  municipalities 
than  along  the  main  stream.  The  principal  towns  located  along  tliis 
branch  are  Milton,  Lewisburg,  Muncy,  Lock  Haven,  Renovo,  Drift- 
wood, and  Jersey  Shore.  The  population  in  the  drainage  area,  \yy 
counties,  is  as  follows : 

Population  in  drainage  area  of  West  Branch  of  Snjiqnehanna  River, 

Cambria  County -   ..  17,516 

Cameron  County  _ 7, 048 

Clearfield  County .         74,754 

CenterCounty 19,4«? 

Columbia  County _ -   51 3 

ElkCounty ..     5,416 

Lycoming  County  _ 52, 658 

Montour  County .  -     2, 574 

Northumberland  County 6, 959 

PotterCounty .10,642 

Sullivan  County .  12,134 

Tioga  County  -  - .16,897 

Union  County- 16,492 

The  character  of  the  water  in  West  Branch  with  respect  to  pol- 
lution is  not  different  from  that  of  the  main  stream  above  Bingham- 
ton,  shown  in  the  analyses  on  page  21.  Along  its  lower  reaches  the 
water  is  certainly  not  fit  for  domestic  supply  in  it«  raw  state,  yet  it  is 
probably  as  good  or  better  than  that  in  any  large  stream  in  Pennsyl- 
vania. The  following  analyses  of  water  from  the  drainage  area  of 
West  Branch  are  here  reproduced  by  court<*sy  of  Dr.  Charles  B.  Dud- 
.ley,  of  the  Pennsylvania  Railroad: 
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SUSQUEHANNA  RIVER  BELOW  WEST  BRANCH. 

The  city  of  Sunbury  is  located  immediately  below  the  confluence  of 
Susquehanna  River  and  West  Branch.  At  this  point  the  slack  water 
caused  by  the  Shamokin  dam  affords  a  basin  which  is  quite  effectual 
in  disposing  of  such  sewage  as  is  discharged  from  Sunbury,  and  from 
all  evidences  at  hand  it  is  practically  certain  that  the  city  sewage  lias 
little  effect  upon  the  chemical  characteristics  of  the  river  water  belo^". 

The  country  traversed  by  the  Susquehanna  immediately  below- 
West  Branch  is  sparsely  settled  and  receives  little  or  no  sewage  con- 
tamination. The  tributaries  entering  from  the  east,  however,  carry- 
large  quantities  of  coal-mine  waste  of  the  character  described  in  the 
preceding  pages,  while  those  entering  from  the  west  are  in  many  cases 
highly  alkaline. 

In  the  table  below  are  given  results  of  analyses  of  water  from  Sus- 
quehanna River  at  Clarks  Ferry,  made  by  Prof.  W.  B.  Lindsay,  of 
Dickinson  College,  Carlisle,  Pa. 

Analyses  of  loater  from  Susquehanna  River  at  Clarks  Ferry,  Pa. 

[Parts  per  million.] 


• 

•e 

0 

• 

1 

Nitrogen  as- 

1  1 

Nitrates. 

1 

• 

C 

o 

e 

• 

P 

1 
3 

o 

Hardness. 

Bacteria  per  cable 
centimeter. 

Qage   heights  at 
Harrisburg,  Pa. 

Date. 

Albuminoid 
ammonia. 

Free  ammonia. 

1 

a 

M 

< 

Normal  hard- 
ness. 

Character 
of  sample. 

1902. 

Feet. 

Nov.   4 

60 

2 

None 

0.101 

0.182 

0.0 

0.15 

5.35 

170 

42.99 

87.84 

375 

4.00 

Composite. 

Nov.  25 

5 

10 

None 

.235 

.078 

.0 

.25 

4.37 

252.5 

15.89 

154.19 

475 

1.66 

Do. 

Dec.  16 

5 

5 

None 

.1071 

.017 

.0 

1.25 

2.3 

155 

1.87 

75.69 

850 

4.0(1 

Do. 

1908. 

Jan.  27 

10 

2.5 

None 

.112 

,104 

.0 

1.2 

1.68 

155 

.0 

88.88 

12,000 

3.i50 

Do. 

Feb.  24 

10 

5 

None 

.066 

.07:^ 

.0 

1.2 

.43 

115 

2.63 

90.06 

2,400 

4.33 

Do. 

Mar.  IT 

55  5 

None 

.149 

.060 

.0 

1 

1.38 

163 

.0 

78.67 

850 

7.83 

Do. 

Apr.  14 

85  3 

None 

.128 

.063 

.a)i 

.6 

.46 

190 

.0 

76.85 

300 

6.50 

Do. 

May  12 

-  7 

3 

None 

.{m 

.125 

.0 

.4 

1.38 

185 

.0 

149.51 

200 

2.16 

Do. 

June  1 

5 

3 

IM 

.^STi 

.209 

.0 

.2 

2.16 

413 

.0 

165.65 

600 

l.OO 

Do. 

Below  Harrisburg  the  character  of  the  water  in  Susquehanna  River 
is  well  shown  by  the  following  results  of  analyses  made  by  Prof.  W.  li. 
Lindsay,  of  Dickinson  College,  Carlisle,  Pa. 
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148.3 

41.12 

74.46 
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4.(1) 

('«»m|iiK4it4* 

Xor-SS      H> 

7 

IM 

.101 

.186 

.007 

.56 

4.27 

147.5 

5H.H8 

71.96, 

3,5(l> 

l.W 

D«». 

Dec  14*    a> 

lo 

i    SM 

1            , 

.198: 

.181 

.002 

2.56 

3.68 

179 

12.47 

75.49 

31,000 
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IS 
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.115 

.012 

2HII 

2.5H 

a» 

5:1.04 

«I.SK 
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:\.:ii 

I)o. 

Feb.  2t       1& 

V 
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.168 

.156 

.006 

4.80 

1.72 

if» 

08.54 

53.(1)186,(11) 
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!)«>. 
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i: 
ar 
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.176i 

.114 

.(»« 

1.40 

1.96 

no 

6.87 

53.34 
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7.X) 
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)|  IM 

.»»; 

.247 

.om 

1.20 

8.22 

20O 

26.29 

44.58. 

],5(K> 

O.'iO 

Do. 

]Ur  12       lO 

0 

>   IM 

.1S5| 

.207 

.008 

1.06 

3.90 

161 

44.45 

81.83  Bnor- 

2.m 

D<i. 

1 

1 

mous. 

;aaip   1       10 

» 

1 

8 

V" 

.207 

.190 

.008 

i.aik 

3.20 

ITO 

21.83 

90.13 

21,000 

l.TiO 

!)<». 

JUNIATA  RIVER. 

Jnniata  River  enters  the  Susquehanna  from  the  west  a  few  miles 
above  Harrisburg.  In  the  entire  basin  drained  by  this  tributary  there 
are  no  important  cities  except  Altoona,  near  the  extreme  western 
divide-  Below  Altoona  there  is  without  doubt  a  considerable  amount 
of  organic  pollution  discharging  into  the  headwaters  of  the  river,  but 
long  before  it  reaches  the  Susquehanna  all  chemical  evidence  at  leaHt 
is  destroyed. 

Population  in  drainage  area  of  Juniata  River, 

Bedford  County. . 39, 468 

BUdr  County 85,099 

Cumberland  Comity 2 1 .  645 

Franklin  County 25,213 

Fnlton  County 1,894 

Huntingdon  Cotmty 34, 650 

.Timiata  County 12, 181 

Mifflin  Comity 23,160 

Perry  County 9,119 

In  the  table  below  are  set  forth  results  of  analyses  of  waters  taken 
from  several  points  in  the  Juniata  basin.  The  analyses  were  made 
in  the  laboratory  of  the  Pennsylvania  Railroad  at  Altoona  under  the 
direction  of  Dr.  Charles  B.  Dudley,  chief  chemist. 

IRR  108—04 4 
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In  the  table  immediately  below  are  results  of  analyses  of  waters 
from  Jnniata  River  near  its  confluence  with  the  Susquehanna,  made 
by  Prof.  W.  B.  Lindsay,  of  Dickinson  College,-  Carlisle,  Pa.  The 
results  show  that  there  is  little  or  no  chemical  evidence  of  the  sewage 
pollution  which  is  turned  into  the  river  at  Altoona. 

Analyses  of  water  froTii  Juniata  Rixfer  abot^e  its  confluence  \cith  the  Sustinehanna, 

[Parts  per  million.] 


I 


1 

1 

6 

1.10 

2.133 

1.80 

1.075 

1.40 

1.840 

1.00 

1.840 

1.00 

2.0TO 

1.30 

1.470 

s 

I 


Hardnem. 


5 


125 

126 
123 
190 
117 
100 


35.84 

81.08 

40 

43.48 

75.77 

46.85 


o 


I 


18 


64.51 

4,200 

40.84 

6,100 

900 

86.68 

1,700 

44.45 

300 

61.  TO 

TOO 

IT^ORGANIC  INGRBDIENTS  OF  UNDKBGROUND  ANI>  SUR- 
FACE WATERS. 

From  the  analytical  records  of  the  Pennsylvania  and  the  New  York 
Central  and  Hudson  River  railroads  there  has  been  collected  a  large 
amount  of  data  with  reference  to  the  inorganic  ingredients  of  the 
waters  of  the  Susquehanna  River  basin.  These  analyses  are  supplied 
through  the  courtesy  of  Dr.  Charles  B.  Dudley  and  Mr.  R.  H.  Mahon, 
chemists  of  the  respective  roads.  The  analyses  give  in  definite  terms 
the  determinations  of  total  solids,  total  chlorines,  and  incrusting  and 
nonincrusting  matter;  the  other  constituents  are  stated  qualitatively. 
The  four  determinations  above  mentioned  will  therefore  be  dealt  with 
in  this  discussion. 

CHEMUNG  BASIN. 
UNDERGROUND  WATERS. 

The  table  on  page  52  shows  that  the  ground  waters  in  various  parts 
of  the  Chemung  basin  contain  only  a  fairly  large  amount  of  incrusting 
constituents. .  In  fact,  none  of  the  analyses  indicate  that  the  water 
would  be  especially  objectionable  for  use  in  boilers,  and  it  is  clearly 
a  water  that  is  treatable  if  it  should  be  necessary  to  reduce  the  small 
amount  of  incrusting  constituents  contained. 

It  will  be  noted  that  the  sources  from  which  the  samples  were  taken 
are  all  shallow  wells  and  that  there  is  no  evidence  with  reference  to  the 
character  of  the  water  from  greater  depths.  It  is  apparent,  liowever, 
that  the  supply  from  shallow  wells  is  sufficient  for  all  needs  that 
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have  so  far  been  apparent  in  this  region,  and  therefore  the  supply,  so 
far  as  its  incrusting  constituents  are  concerned,  may  be  considered 
unobjectionable. 

Inorganic  ingredients  of  ground  waters  in  Chemung  drainage  basin. 

[Parts  per  million.] 


Source 


Driven  well 
Well 

Do 

Do 

Driven  well 
Well 

Do 

Do 

Do 


Depth. 


IjocatioQ. 


Feet. 
15 
64 
64 


15 
12 
45 


22 


Snediker,  Pa 

.....do 

do 

do 

Beaver  Dams,  N.  Y. 

do  : 

Horseheads,  N.  Y. . 
Southport,  N.  Y . . . 
Elmira,  N.  Y 


Total  sol- 
ids. 

Incrustincr 
solids. 

Nonin- 

crusting 

aolids. 

123. 462 

101.061 

22. 401 

205. 200 

184.680 

20.520 

225. 720 

145. 350 

80. 370 

207. 198 

173. 394 

123.804 

205. 200 

129. 447 

75.753 

183.483 

155.61 

27. 873 

226. 233 

176. 814 

49.419 

209. 988 

142. 956 

67. 032 

193. 401 

122. 949 

70.452 

Total 
chlorine* 


77.866 
14. 022 

6.498 
80. 438 

5. 472 

7.011 

13.680 

8.892 


SURFACE    WATERS. 

From  the  boiler  standpoint  the  river  water  is  even  better  than  the 
water  from  shallow  wells.  The  analytical  statements  in  the  table 
below  include  waters  from  widely  distributed  points  in  the  Chemung 
basin,  as  well  as  from  the  main  river  itself.  It  is  apparent  upon 
examination  of  this  table  that  the  water  from  any  of  the  streams  may 
be  accepted  for  use  in  boilers  without  prejudice. 

Inorganic  ingredients  of  surface  waters  in  Cheniung  drainage  area. 

[Parts  per  million.] 


Stream. 


Crooked  River.. 

Tioga  River 

Do 


Location. 


Cowanesqne 
River. 

Tioga  River 

Poster  Creek . . . 

Do 

Chemnng  River 

Do 


Hammond,  Pa 

C.  V.  Junction,  Pa  . . . 

Lawrence,  Pa 

Academy  Comers,  Pa 

Presho,  N.  Y 

Beaver  Dams,  N.  Y... 

Townleys,  N.  Y 

Coming,  N.  Y 

Elmira,  N.  Y 


Mineral 
solids. 


102. 70 

125.57 

102. 70 

83.79 

119.7 
114.57 
143. 64 
253. 08 
75.411 


Incrasting 
solids. 

Nonin- 

crasting 

aolids. 

75.75 

27. 873 

87. 723 

39.843 

69.768 

33. 858 

61.902 

21.888 

101.75 

35.06 

78.66 

35. 91 

119.70 

23.94 

199. 386 

53. 694 

48. 051 

27.360 

Total 
chlorine. 


9.92 

9.92 

4.959 

3.9:33 

3. 933 

3.591 

2.907 

16. 929 

3.933 
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SUSQUEHANNA    BASIN    NORTH    OP    8UNBURY,  CHEMUNG    BASIN 

EXCLUDED. 

There  aw  available  only  a  few  boiler  analyses  of  the  waters  of  that 
part  of  the  Susquehanna  drainage  area  outside  of  the  Chemung  basin 
and  most  of  the  waters  analyzed  are  from  the  main  stream.  The  table 
below  gives  the  results  of  determinations  of  minerals  and  inerusting 
solids  in  waters  taken  from  this  basin.  It  will  be  readily  noted  that 
none  of  these  samples  contain  an  amount  of  dissolved  solids  of  inerust- 
ing constituents  sufficient  to  be  objectionable  for  boiler  use.  In  fact, 
the  surface  waters  and  mast  of  the  ground  waters  in  the  basin  of  Sus- 
quehanna River  are  generally  unobjectionable  from  this  standpoint. 

Inorganic  inffredients  of  surface  toaters  of  Susquehanna  basin,  exclusive  of 

Cheniung  basin. 


[Parte  per  million.] 


Stmive. 

Snsqnehanna  River 

Chenango  River 

Brook 

City  water 

Do 

Do 

Harvey  Creek 


Lfxration. 


Susquehanna,  Pa . 
Binghamton,  N.  Y 

Canton,  Pa 

Wilkesharre,  Pa. . 

do 

Nanticoke,  Pa 

do 


BoydsRun i  Pond  Hill,  Pa 


Snsqnehanna  Rivcfr 
Do 

Do 


Nescopeck 
Danville  .. 
do  .... 


Mineral 
solids. 


63.954 
99.522 
59.850 
20.007 
91 . 827 
39.843 
67. 887 
48.906 
29. 925 
92.511 
134. 577 


Incrast 


Xonin- 


ingeollds.    -^-t-» 


44.118 
63.099 
36.765 
15.732 
63.783 
29.925 
23. 940 
36.936 
23.940 
69. 255 
77. 976 


19.836 
36.423 
23.085 

4.275 
28.044 

9.918 
43. 947 
11.970 

5.985 
23.256 
56.601 


Total 
chlorine. 


2.548 

15.048 
3.933 
3.420 

10.260 
3.420 
6.840 
3.420 

Trace. 
8. 550 

12. 483 


WEST   BRANCH   OF   SUSQUEHANNA   RIVER   BASIN. 

UNDERGROUND   WATERS. 

At  Barnesboro  there  are  three  wells,  18, 55,  and  230  feet  deep,  respec- 
tively, which  are  characterized  by  water  containing  traces  of  iix>ii  and 
much  calcinm  carbonate  and  magnesium  sulphate.  Boiler  water  high 
in  solids  and  incrustants,  but  containing  moderate  amounts  of  chlorine 
is  obtained  from  the  55-foot  well,  while  the  two  deeper  wells  suppl}'^ 
drinking  water.  The  chlorine  in  the  55-foot  well  is  low  and  that  in  the 
230-foot  well  is  moderate  in  quantity.  One  of  the  samples  from  tlie 
230-foot  well  was  very  turbid  and  carried  a  large  amount  of  undis- 
solved limestone,  clay,  and  some  oxide  of  iron  in  suspension. 

At  Gallitzin  there  is  a  flowing  well  with  water  that  contains  mod- 


54  QUALITY    OF    WATER   IN   SUSQUEHANNA    BASIN.         [no.  108. 

erate  amounts  of  chlorine  and  much  magnesium  carbonate,  and  is 
used  for  boilers.  Water  secured  from  a  test  hole  at  the  same  placo 
contains  very  little  chlorine.  The  city  water  is  neutral  in  reaction, 
low  in  solids,  contains  moderate  amounts  of  chlorine,  and  but  little 
magnesium  and  calcium  sulphate,  the  former  predominating. 

A  300-foot  well  at  Osceola  supplies  boiler  water  carrying  moderate 
amounts  of  solids,  incrustants,  and  chlorine,  and  much  calcium  car- 
bonate and  magnesium  sulphate. 

At  Viaduct  eight  samples  were  collected  from  two  wells,  one  known 
as  the  240- foot  and  the  other  as  the  drilled  well.  The  240-foot  well 
supplies  a  natural  water  that  is  almost  colorless,  but  carries  some  setli- 
ment  containing  oxides,  moderate  amounts  of  solids  and  incrustants, 
and  low  chlorine  contents.  The  analyses  indicate  the  presence  of 
small  amounts  of  calcium  carbonate  and  sulphate,  magnesium  sul- 
phate, and  sodium  chloride.  The  water  in  the  drilled  well  is  slightly 
alkaline,  is  colored  because  of  suspended  sediment,  and  contains 
moderate  amounts  of  chlorine,  solids,  and  incrustants.  Of  five  analyses 
each  shows  traces  of  oxides,  calcium  carbonates,  calcium  sulphate, 
magnesium  carbonate,  magnesium  sulphate,  magnesium  chloride, 
alkali  carbonates,  alkali  sulphates,  and  alkali  chlorides. 

The  900-foot  well  at  Sizerville,  in  Cameron  County,  supplies  a 
slightly  alkaline  and  turbid  boiler  water  containing  very  considerable 
amounts  of  chlorine,  solids,  and  nonincrustants,  and  only  a  small 
quantity  of  incrustants.  The  nonincrustants  are  composed  of  sodium 
chloride  chiefly,  with  a  small  amount  of  magnesium  chloride  and 
some  calcium  chloride,  while  the  incrustants  include  some  calcium 
carbonate,  calcium  sulphate,  and  a  small  amount  of  clay.  Drinking 
water  taken  from  a  spring  at  Shippen  was  found  to  be  low  in  solids, 
incrustants,  nonincrustants,  and  chlorine.  The  water  from  two 
springs  at  Rock  Run  is  similar  in  composition. 

The  analysis  of  boiler  water  taken  from  an  18-foot  well  at  Rock 
Run  shows  very  large  amounts  of  solids,  incrustants,  nonincrustants, 
and  chlorine.  In  its  normal  condition  the  water  is  slightly  alkaline 
and  clear,  and  contains  a  large  quantity  of  calcium  carbonate  and 
magnesium  chloride,  with  traces  of  oxides,  magnesium  carbonate,  and 
alkali  carbonates  and  chlorides. 

A  spring  at  Ilecklin,  near  Gillintown,  furnishes  a  neutral  and  clear 
water,  very  low  in  both  solids  and  chlorine. 

At  Lock  Haven  the  water  drawn  from  the  Castenea  reservoir  is 
neutral  and  low  in  solids  and  chlorine.  It  contains  a  little  clay  sedi- 
ment and  some  calcium  and  magnesium  sulphate. 

The  24-foot  McKinney  well  at  Oakgrove  supplies  water  with  a 
moderate  quantity  of  solids,  incrustants,  and  chlorine.  This  is  also 
true  of  a  well  at  Stokesdale  Junction  which  furnishes  a  slightly  alka- 
line water  containing  some  calcium  carbonate  and  traces  of  alkali 
carbonate  and  magnesium  chloride. 
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Springs  at  Leaches  and  Jersey  Shore  contain  clear  and  neutral  water, 
low  in  solids  and  chlorine,  and  suitable  for  domestic  purposes. 

Two  wells  at  Ralston,  19  feet  and  234  feet  deep,  furnish  a  boiler 
water  showing  moderately  low  amounts  of  solids  and  incrustants  and 
moderately  high  amounts  of  chlorine. 

There  were  a  number  of  wells  at  Williamsport  whose  waters  were 
analyzed.  Boiler  and  drinking  water  from  one  of  the  wells  contains 
so  large  a  quantity  of  chlorine  and  total  solids,  chiefly  calcium  ear- 
bonat'C,  that  it  is  worthy  of  further  investigation.  Waters  from  a 
well  140  feet  deep  and  from  an  ai-tesian  well  sunk  to  the  depth  of  16G 
feet  show  moderately  large  amounts  of  solids  and  incrustants,  and 
small  quantities  of  chlorine.  The  above  artesian  well  furnishes  a  sup- 
ply of  both  drinking  and  boiler  water  carrying  much  calcium  carbon- 
ate and  magnesium  sulphate  in  solution.  The  Williamsport  city 
water  is  very  low  in  total  solids,  moderately  low  in  chlorine,  and  con- 
tains but  little  calcium  and  magnesium  carbonate. 


Analyses  of  underground  waters  obtained  in  the  drainage  basin  of  West  Branch 

of  Susquehanna  River, 


[Parts  per 

milUon.] 

Location. 

Sources  of  supply. 

Totol 
residue. 

BameeboTo 

230-foot  well 

18-foot  well 

55-foot  well 

230-foot  well 

Test  hole 

446.130 

Do 

307. 746 

Do 

169. 461 

Do 

151.506 

Grallitzin 

174. 078 

Do 

Do - 

Do 

Osceola 

Hunson 

Flowing  well 

City  water 

Water  supply 

300-foot  well 

162. 450 
50. 850 
43.605 

125. 514 
30.007 

Viadnct 

240-foot  well 

do 

176. 301 

Do 

170. 316 

Do. 

do 

165. 870 

Do 

Drilled  well 

do 

170. 487 

Do 

118.845 

Do 

do 

107.901 

Do 

Do 

1 do 

do 

92. 169 

78. 489 

Sizerville.. i  900-foot  well 

Shippen |  Spring 

Rock  Rnn j do 

Do I  18-foot  well 

Gillintown Spring  at  Hecklin 


1,246.077 

35.568 

32.832. 

497. 097 

31.977 


Incrust- 
ants. 

Nonin- 
crustants. 

Chlorine. 

400.311 

45.828 

6.327 

289. 161 

108.585 

6.840 

119.700 

49. 761 

1.026 

119. 529 

31.977 

8.420 

113.373 

60.705 

1.026 

109.440 

53. 010 

8.550 

43.947 

15.903 

3.420 

29. 925 

13.680 

6.840 

84. 645 

40. 869 

6.840 

25.992 

4.015 

1.881 

125. 001 

51.800 

2.907 

120. 555 

49. 761 

2.907 

127.908 

87.962 

2.907 

114.912 

55.575 

6.498 

88. 920 

29. 925 

6.498 

71.991 

35.91i) 

6.498 

56.601 

35. 568 

6.498 

22. 572 

55.917 

6.498 

137.313 

1,108.764 

616. 284 

30. 267 

5.301 

3.078 

23.940 

8.892 

2.052 

324. 216 

172.881 

53.528 

5.903 

16. 074 

2.052 
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Analyses  of  underground  waters  obtained  in  the  drainage  basin  of  West  Branch 

of  Susquehanna  River — Continried. 


Location. 

Sources  of  supply. 

Total 
residue. 

IncruBt- 
ants. 

47.880 
16.416 

Nonin- 
crustants. 

Chlorine. 

Forks 

Sprin&T 

61.902 
21.888 

14. 022 
5.472 

2.907 

Do 

^  X   'O     ------- 

Big  spring 

1.881 

Do 

.^...do 

20.007 
30.780 

14.022 
20.178 

5.985 
10^602 

2.907 

Lock  Haven 

Castanea  reservoir. 

2.394 

Do _ 

do 

22.743 
226. 746 

17. 271 
148.428 

5. 472 

78.318 

2.394 

Oakgn'ove 

24-foot  McKinney 
well. 

5.643 

Stokesdale  Junction 

do  ._ 

199.886 

167.580 

31.806 

7.011 

Leaches 

Spring 

39. 843 

34.884 

4.959 

2.052 

Jersey  Shore 

Balston 

do 

33.858 

21.888 

11.970 

3.933 

234-foot  well 

175. 104 

121.410 

53.694 

18. 509 

Do 

Well 

160.911 

106. 704 

64.207 

7.524 

Do 

19-foot  well 

Well- 

91.143 
521.879 

57.114 
287.280 

34.029 
234.099 

8.892 

Williamsport 

Dq 

97. 813 

300-foot  well 

218.880 

140.220 

78.660 

Do 

140-foot  well 

217.854 

148. 469 

74.385 

2.907 

Do 

207. 423 
201.096 

178. 894 
126.198 

34.029 

74. 898 

20. 862 

Do 

Artesian  well  166 
feet. 

3.591 

Do 

City  water 

Tank 

25. 650 

19.665 

5.985 

2.998 

Lewisburg 

99.698 

79.857 

19.836 

Little. 

SURFACE   WATERS. 


Near  the  headwatei-s  of  West  Branch  of  Susquehanna  River,  at 
Spangler,  Barnesboro,  and  Cush  Ci'eek  Junction,  the  waters  analyzed 
are  rather  low  in  solids,  incrustants,  and  chlorine.  This  holds  true 
especially  of  the  water  used  for  drinking  and  boiler  purposes  at 
Spangler,  which  is  neutral  in  reaction  and  contains  a  small  amount 
of  calcium  carbonate  and  magnesium  sulphate,  besides  a  little  clay 
sediment. 

At  Mahaffey  West  Branch  is  joined  by  Chest  Creek,  at  the  head  of 
small  branches  of  which  are  the  towns  of  Carroltown  and  Hastings. 
Near  the  former  place  is  located  Peter  Campbell's  pond,  containing 
turbid  water  with  rather  large  amounts  of  oxides  and  a  medium 
quantity  of  chlorine.  At  Hastings  a  tributary  of  Chest  Creek  evi- 
dently receives  a  large  amount  of  material  that  considerably  raises 
its  contents  in  solids  and  incrustants  (chiefly  calcium  sulphate),  while 
the  chlorine  remains  nearly  stationary.  As  a  result  West  Branch  at 
Mahaffey  is  moderately  high  in  solids  and  incrustants.    The  sample 
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tested  was  fonnd  to  be  high  in  chlorine,  this  being  possibly  due  to 
pollution  by  sewage  fi-om  the  town,  as  the  water  in  the  neighboring 
run  was  found  to  be  very  low  in  chlorine. 

At  Bower  the  water  of  West  Branch  is  evidently  of  good  quality, 
neutral  in  reaction,  and  low  in  solids  and  chlorine.  Curwensville 
receives  from  Anderaon  Creek  a  water  supply  that  is  free  from  car- 
tonates,  but  contains  some  little  calcium  and  magnesium  sulphates. 

Clearfield  Creek  empties  into  West  Branch  of  Susquehanna  River 
below  Clearfield.  The  water  of  Clearfield  Creek  near  Smoke  Run  is 
low  in  solids  and  incrustants  and  shows  only  a  trace  of  chlorine.  It 
is  used  for  both  drinking  and  boiler  purposes,  and  is  of  excellent 
quality.  At  the  creek  dam,  on  the  other  hand,  the  water  used  for 
steam-generating  purposes  was  found  to  l)e  high  in  solids  and  incrus- 
tants, and  showed  a  moderate  amount  of  chlorine,  together  with  much 
carbonate  and  sulphate  of  lime,  magnesia,  and  iron.  At  Belsena  the 
water  of  Clearfield  Creek  varies  within  rather  large  limits,  and  con- 
tains from  a  very  low  to  a  moderately  large  quantity  of  solids  (sul- 
phates of  lime,  magnesia,  and  iron),  incrustants,  and  chlorine.  Pine 
Run  at  Belsena  is  very  low  in  all  of  these  constituents. 

At  Clearfield  Bridge  Clearfield  Creek  is  joined  by  Little  Clearfield 
Creek,  on  which  are  located  the  towns  of  Kerrmoor  and  Porters.  At 
these  towns  the  water  is  neutral  in  reaction.  It  contains  very  mod- 
erate amounts  of  chlorine,  solids,  and  incrustants  at  Kerrmoor,  and 
small  amounts  at  Porters,  the  difference  being  probably  largely  due 
to  suspended  sediment. 

At  and  near  Clearfield  a  large  number  of  water  samples  were  col- 
lected from  various  places  on  West  Branch,  a*nd  from  Clearfield, 
Moose,  and  Montgomery  creeks.  The  town  supply  of  Clearfield  and 
the  water  from  Moose  and  Montgomery  creeks  are  very  low  in  solids, 
incrustants,  and  chlorine,  thus  indicating  a  very  good  quality  of 
potable  water.  There  were  found  present  in  the  water,  which  has  a 
neutral  reaction,  only  traces  of  the  following  constituents:  Iron  and 
aluminum  oxides,  calciufn  and  magnesium  sulphates,  magnesium 
carbonate,  and  the  chlorides  and  sulphates  of  the  alkalies.  Directly 
at  the  inlet  on  West  Branch  of  Susquehanna  River  the  solids  and 
incrustants  were  found  to  be  large  in  quantity  and  the  chlorine 
content  extremely  high,  indicating  a  condition  worthy  of  serious 
investigation.  The  river  at  the  time  of  sampling  was  very  low,  how- 
ever, and  the  water  was  turbid  in  appearance.  It  is  significant  that 
the  analyses  show  a  considerable  quantity  of  magnesium  chloride  and 
sulphate  besides  a  large  amount  of  the  alkaline  chlorides. 

Nearly  all  the  numerous  other  samples  of  waters  from  Clearfield 
Creek  and  West  Branch  of  Susquehanna  River,  especiallj'^  at  the 
first  and  second  dams  near  Clearfield,  show  moderate  amounts  of 
solids,  such  as  lime  and  alkali  sulphates,  and  a  little  calcium  and  mag- 
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nesium  carbonate,  a  neutral  reaction,-  and  moderately  large  amounts 
of  chlorine. 

Moshannon  Creek  rises  above  Osceola,  flows  past  Philipsburg,  Mun- 
son,  and  Viaduct,  and  empties  into  West  Branch  of  Susquehanna 
River  above  the  town  of  Karthaus. 

At  Osceola  the  water  of  Moshannon  Creek  used  in  boilers  is  very 
high  in  chlorine  and  solids,  the  sulphates  of  lime,  iron,  and  magnesia 
constituting  the  incrustants.  The  drinking  water  of  Osceola  is 
obtained  from  Mountain  Branch,  is  low  in  solids,  and  contains  only 
moderate  amounts  of  chlorine.  At  Philipsburg  the  city  water  and 
the  water  of  Cold  Stream  are  low  in  solids,  incrustants,  and  chlorine, 
and  are  evidently  neutral  waters  of  good  quality,  while  the  water 
obtained  from  Moshannon  Creek  was  found  to  be  moderately  high 
in  solids  and  chlorine  and  to  contain  large  amounts  of  sulphates, 
probably  due  to  the  inflow  of  acid  mine  waters.  At  Viaduct  the 
water  of  Moshannon  Creek  has  an  acid  reaction,  is  high  in  solids, 
and  contains  a  large  amount  of  calcium  and  iron  sulphates. 

The  water  of  Upper  Three  Run  below  Karthaus  is  low  in  solids, 
incrustants,  and  chlorine. 

Bennett  Branch  and  Driftwood  Branch  flow  into  Sinnamahoning 
Creek,  which,  in  turn,  empties  into  West  Branch  of  Susquehanna  River 
at  Keating.  The  towns  of  Tyler,  Caledonia,  and  Benezett,  located  on 
Bennett  Branch,  all  secure  good  potable  water  from  this  stream.  The 
samples  tested  gave  a  neutral  reaction,  were  low  in  solids  and  incrus- 
tants, and  moderately  low  in  chlorine.  This  is  also  true  of  the  water 
supply  of  Emporium,  on  Driftwood  Branch,  and  Driftwood,  on  Sinna- 
mahoning Creek.     ' 

At  Keating  the  water  of  Jewels  Run  is  clear,  neutral  in  reaction, 
free  from  carbonates,  and  contains  only  traces  of  oxides  and  sul- 
phates of  the  alkalies,  calcium  and  magnesium.  It  is  very  low  in 
solids  and  moderately  low  in  chlorine. 

Near  Renovo,  Drury  Run  and  Paddy  Run  empty  into  West  Branch. 
Every  sample  of  the  waters  of  the  streams  analyzed  shows  very  low 
contents  in  solids,  incrustants,  and  chlorine,  has  a  neutral  reaction, 
and  contains  but  a  small  quantity  of  sulphates  and  sediment.  The 
water  of  these  streams  is  excellent  for  drinking  and  steam-generating 
purposes. 

Beech  Creek  passes  the  towns  of  Forks  and  Beech  Creek,  and  near 
the  latter  place  empties  in  Bald  Eagle  Creek,  which  in  turn  empties 
into  West  Branch  of  Susquehanna  River  below  Lock  Haven. 

The  waters  of  Beech,  Bald  Eagle,  and  Canoe  creeks  at  or  n^ar  Beech 
Creek  show  moderate  to  rather  large  quantities  of  solids  and  incrust- 
ants and  moderate  contents  in  chlorine.  At  Beech  Creek,  when  the 
stream  was  low,  it  wa^s  found  to  be  strongly  acid,  possibly  due  to  acid 
waters  from  the  wood-alcohol  works  in  this  neighborhood,  and  to  con- 
tain calcium  and  magnesium  sulphate,  but  no  carbonates.    Bald 
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Eagle  Creek,  on  the  other  hand,  was  alkaline  in  reaction  and  con> 
tained  calcium  and  magnesium  carbonates,  while  Canoe  Creek  carried 
a  neutral  water,  even  at  a  low  stage.  At  Lock  Haven,  Bald  Kagle 
Creek,  while  not  much  higher  in  solids  (principally  calcium  carbon- 
ates) than  at  Beech  Creek,  showed  a  considerable  increase  in  chlorine. 

At  Oak  Hall  station,  near  the  head  of  one  of  the  smaller  branches  of 
Bald  Kagle  Creek,  the  water  is  rather  high  in  solids  and  moderately 
low  in  chlorine.  At  Itellefonte  the  city  and  station  water  supply  is 
moderately  high  in  chlorine  and  solids,  principally  carbonate  of  lime, 
carbonate  of  iron,  and  sulphate  of  magnesium. 

IMne  Creek  rises  in  Potter  County  and  flows  east  and  south  past 
Cedar  Run,  Cammal,  and  Ramsey  station  into  West  Branch  of  Sus- 
quehanna River  near  Jersey  Shoro  Junction.  Near  Ansonia  it  is 
joined  by  Marsh  Creek,  which  rises  near  Wellsboro.  Marsh  Creek  at 
Wellsboi*o  is  moderately  low  in  solids,  incrustants,  and  chlorine,  and 
is  generally  characterized  by  a  neutral  reaction  and  clear  appearance. 
The  water  of  the  run  at  Stokesdale  Junction  and  of  Marsh  Creek  at 
Marshcreek  has  a  slightly  alkaline  reaction,  is  dark,  owing  to  colora- 
tion by  organic  matter,  and  contains  also  a  moderately  high  quantity 
of  chlorine  and  carbonate  of  lime.  Darling  Run,  near  Ansonia,  is  clear 
in  appearance,  neutral  in  reaction,  and  low  in  chlorine  and  solids. 
The  stream  at  Antrim  is  neutral  and  low  in  solids  and  chlorine,  while 
the  water  taken  from  the  pond  at  the  same  place,  which  receives 
drainage  from  a  charcoal  iron  furnance  and  wood-alcohol  distillery,  is 
naturally  considerably  higher  in  all  of  these  constituents,  excepting 
chlorine.  The  latter  constituent  is  only  increased  by  a  moderate 
amount.  The  water  in  the  pond  carries  much  calcium  carbonate  and 
magnesium  sulphate  in  solution.  The  water  of  Jacob  Run  at  the 
town  of  Cedar  Run  and  the  water  of  Ramsey  Run  at  the  station  of 
the  same  name  are  clear,  neutral  in  reaction,  and  low  in  solids  and 
chlorine,  while  samples  of  water  taken  from  the  stream  at  Cammal 
are  similar  in  composition,  exjcept  higher  contents  in  chlorine.  J3oth 
West  Branch  and  Pine  Creek  near  Jersey  Shore  Junction  are  clear, 
neutral  in  reaction,  moderately  low  in  solids,  and  contain  moderate 
amounts  of  chlorine. 

Lycoming  Creek  starts  at  Penhryn  and  flows  in  a  generally  south- 
erly direction  by  Ralston  and  Trout  Run  into  West  Branch  of  Sus- 
quehanna River  above  Williamsport.  Red  Run  at  Ralston  contains 
moderate  amounts  of  solids  and  chlorine,  while  Rock  Run  at  the 
same  place  is  somewhat  lower  in  these  constituents.  The  water  of 
Red  Run  is  peculiar  in  that  it  carries  a  considerable  quantity  of  a 
red  sediment  in  suspension,  is  acid  in  reaction,  and  contains  hydrogen 
sulphide  besides  considerable  sulphate  of  lime  and  magnesia.  Lycom- 
ing Creek  at  Trout  Run  furnishes  an  excellent  potable  water,  which 
is  neutral  in  reaction,  free  from  all  turbidity  and  sediment,  and  low 
in  dissolved  solids  and  chlorine. 
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Below  Lock  Haven  are  the  towns  and  cities  of  Youngdale,  Oak- 
grove,  Jersey  Shore,  Newberry  Junction,  Williamsport,  Dewart., 
Watsontown,  Lewisburg,  and  Northumberland,  the  surface  waters 
of  which  will  be  discussed  in  the  order  given. 

The  water  of  McElhattan  Creek  at  Youngdale  is  neutral,  low  in 
solids,  and  moderately  low  in  chlorine.  At  Oakgrove  the  waters  of 
West  Branch  of  Susquehanna  River  and  Pine  Creek  contain  mod- 
erate amounts  of  solids,  but  rather  high  chlorine  contents,  and  the 
city  supply  is  low  in  solids  and  chlorine  and  possesses  a  slightly 
alkaline  r'^action. 

At  Newberry  Junction  the  water  supplied  to  the  city,  while  neutral 
in  reaction  and  not  carrying  more  than  moderat-e  quantities  of  solids, 
is  high  in  chlorine.  This  water  posssibly  needs  further  investigation 
t-o  ascertain  if  it  is  not  contaminated  by  sewage. 

At  Dewart  the  waters  of  Delaware  Run  and  of  the  stream  2  miles 
west  of  the  town  are  very  much  like  those  of  West  Branch  of  Susque- 
hanna River  at  Watsontown,  and  contain  exactly  the  same  quantity 
of  chlorine,  which  is  present  in  moderately  large  amounts.  The 
solids  and  incrustants  are  not  very  large  in  quantity.  While  some 
of  the  samples  are  free  from  carbonates  and  contaiii  only  sulphates, 
they  usually  carry  but  small  amounts  of  the  latter  and  much  com- 
bined carbonic  acid. 

At  Northumberland,  finally,  the  water  of  West  Branch  of  Sus- 
quehanna River,  used  for  municipal  purposes  by  the  city  and  as  a 
source  of  boiler  water,  is  neutral  in  reaction,  carries  a  little  sediment, 
and  contains  some  calcium  carbonate  and  magnesium  sulphate,  besides 
a  moderate  amount  of  chlorine. 


Analyses  of  surface  vxiters  obtained  in  the  drainage  basin  of  West  Bra;nch  of 

Susquehanna  River, 

[Parts  per  million.] 


Location. 

Spangler 

Do 

Do 

Cherry  Tree. 

Carroltown  . 


Ciish  Creek  Junc- 
tion. 

Hastings 

Mahaff ey 


Do 
Do 


Source  of  supply. 


Tank 

Water  supply 

Stream 

Killen  Run 

Peter  Campbeirs  pond 


West  Branch  Susque- 
hanna River. 


Run !    33.858 


Total 
residue. 

IncruRt- 
ants. 

85. 500 

116.622 

67. 716 

53.865 

83.790 

68. 724 

76. 095 

55. 746 

161.595 

139. 536 

65. 151 

52.497 

537. 966 

343.539 

159. 543 

99. 693 

33. 858 

25. 992 

23.940 

14. 022 

Nonln- 
crustants. 


31.122 
13. 851 
15.066 
20. 349 
22. 059 
12.654  , 

194. 427 
59.850 


7.866 
9.918 


Chlorine. 

6.840 
2. 565 
1.539 
2. 565 
8. 037 
3. 078 

3. 591 

20.862 

2.907 
1.881 
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AniUytieit  of  mirfcu:e  tcatern  obtained  in  the  drainage  batnn  of  Went  Branch  of 

Susquehanna  River — Continned. 


Ix)catl(»n. 

8oarc«  of  supply. 

Bower 

West  Branch  Sosqne- 
hanna  River. 

Do.       

Do.. 

Hazletts  Bnn 

iLernnoor. 

Little  Clearfield  Creek. 

Porters ... 

, 

Curwenwville 

Anderson  Creek 

Clearfield 

West  Branch,  directly 
at  inlet. 

Do 

Clearfield  Creek 

Do 

do _ 

Do-. 

River  at  dam 

Do 

Tank 

Do 

West  Branch  Snnqne- 
hanna  River. 

Do 

Second  dam  breast 

Do.. 

River  

Do 

Moose  Creek,  2,000  feet 
from  month. 

Do 

City  snpply  _ .  J 

Do. 

Moose  and  Montgom- 
ery creeks. 

Do.--. 

Town  snpply 

Clearfield  Junc- 

Creek  

tion. 

•xrrr Ji     _  j 

Total 
residne. 


Snmmit 

Belsena 

Do 

Do 

Smoke  Rnn. 

Do 

Osceola 

Do 

Do 

Philipsbnrg 

Do 

Do 

Do 


Do. 

Viaduct 

Do. 


Little  Spring  Branch  . . 

Clearfield  Creek 

Pine  Rnn  ...". 

Clearfield  Creek 

Creek  dam 

Stream 

Moshannon  Creek 

Small  Creek. 

Mountain  Branch  Creek 

Moshannon  Creek 

do 

City  water  (Water  Co) . 

Reservoir  of  Citizens' 
Water  Co. 

Cold  Stream 

Moshannon  Creek 

Run 


74. 727 

55. 917 
35. 055 

155. 610 
83.a58 
39.672 

481.707 

187. 416 
186.903 
107. 730 
119.700 
112.689 

103. 626 
95.760 

41.882 

17.100 
16.416 

15. 732 
167. 580 

61.902 
79.857 

169. 461 
29.925 
49. 932 

771.723 
67. 716 

364. 059 
60.192 
43.947 

279. 243 

187. 759 
37. 662 
29. 925 

38.858 

339.093 

29. 925 


IncruHt-         Nonin- 
antA.       •  rmstantM. 


55.917 

45.828 
23. 940 

105. 678 
23.940 
29.070 

116.793 

111.663 

137. 826 

69.768 

79.857 

77.805 

67.203 
61.902 

21.888 

11.970 
13.851 

13. 509 
108.756 

47.880 
23.940 

112.518 
20.007 
39.843 

612. 693 
59. 850 

234. 954 
43.947 
24.795 

233.415 

110.808 
26. 505 
19. 494 

27. 873 

193.401 

23.940 


18.810 

10.089 
11.115 
49. 932 
9.918 
10.602 
364. 914 

75.753 
49. 077 
37.962 
39.843 

34.884 

36.423 
33. 858 
19.494 

5.130 
2.565 

2.223 

58. 824 

14. 022 
55. 917 
56.943 
9.918 
10.089 

159. 030 
7.866 

129. 105 
16.245 
19. 152 
45.828 
76. 951 
11.457 
10. 431 


(*hlurino. 


3.933 

3.933 
2.052 
7.011 
2.907 
6.840 
196. 137 

5. 985 
10.944 
11.970 
11.970 
14. 022 

15.903 

11.970 

4.617 

2.907 
2.394 

2.052 
7.011 

4.959 

34.884 

13.680 

Trace. 

Trace. 

6.840 

Trace. 

29. 070 

6.840 

6.840 

13. 680 

4.788 

3.933 

3.933 


5. 985    2. 053 

145.692  ;   9.918 

5.9a5  .   2.052 
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Analu^ies  of  surface  waters  obtained  in  the  drainage  basin  of  West  Branch  of 

Susquehanna  River — Continued. 


Location. 


Tyler,  Clearfield 
County. 

Caledonia 

Benezett 

Emporimn 

Driftwood 

Keating 

Benovo 

Do .. 

Do... 

Do 

Do 

Do 


Do 
Do 
Do 


Rock  Run 
Karthans. 


Saltlick,       near 
Karthans. 

Beech  Creek 

Do 

Do 

Oak  Hall 

Do 


Bellefonte . . 

Do 

Howards  _.. 
Lock  Haven 
Youngdale. . 
Oakgrove . . . 


Do  ... 

Do  ... 

Wellsboro 

Do... 


Stokesdale  Junc- 
tion. 

Do  ...   

Ansonia 


Source  of  supply. 


Jewels  Run 
Drury  Run. 

do 

do 

do 

Paddy  Run . 

do 

do 

Reservoir  . . 


Pennsylvania    R.    R. 
reservoir. 


Upper  Three  Run 
Run  .. 


Beech  Creek  

Bald  Eagle  Creek 

Canoe  Creek 

Water  station 

Stream 


Water  station 

City  water 

West  Creek 

Bald  Eagle  Creek 

McElhattan  Creek 

West  Branch  Susque- 
hanna River. 

Pine  Creek 

City  supply 

Stream 

do 

Run 


Total 
residue. 


66.177 

24. 795 
29. 583 
45.144 
38. 988 
17. 955 
30.609 
23.940 
23.940 
22. 743 
39. 843 
23.940 
20.007 
24.282 
23.940 

17. 955 
34. 029 
29. 925 

237.348 
144.495 
55.917 
254. 106 
199. 386 

145. 179 

131.499 

82. 935 

186.903 

29.925 

89. 262 

73. 872 
39. 843 
79. 857 
67. 887 
121.581 


MarshCreek 101.574 

Darling  Run I    71.820 


Incrust- 
ants. 


57. 627 

15. 732 
20.007 
34.713 
27. 531 
11.970 
25.479 
16. 074 
15. 903 
18.810 
31.977 
17. 955 
14. 022 
17. 955 
15.903 

13. 851 
24.111 
25. 992 

129.618 
119.700 
43. 947 
218.880 
171.855 

115.083 

108. 243 

55.062 

147.060 

20. 007 

62. 928 

42. 921 
26. 163 
65. 835 

47. 880 
79. 857 

81.738 
55. 917 


Konin- 
crustants. 


8.550 

9.063 
9.576 
10. 431 
11.457 
5.985 
5.130 
7.866 
8.037 
3.933 
7.866 
5. 985 
5. 9a5 
6. 327 
8.037 

4.104 
9.918 


Chlorim*. 

4.959 

4. 959 
4.446 
4.959 
4.959 
5.130 
2. 052 
2. 052 
2.052 
2. 052 
6.840 

Trace. 

Slight. 
3.420 

Trace. 

3. 933 
3.984 


3.933  !      2.052 

3. 9;« 
3.93:J 
3. 933 
4.446 


107. 730 
24.795 
11.970 
35. 226 
27.531 

30.096 
23. 256 
27. 873 
39. 843 
9.918 
26.334 

80.951 
13. 6S0 
14. 022 
20. 007 
41.724 

19.836 


Very 
little. 

0.944 
11.457 

4.959 
17.100 

3.933 

6.840 

10.944 
1.026 
2.907 
4.959 
9.918 


>? 


6. 32 


15.903  I      2.907 
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Analyse*  of  surface  waters  obtained  in  the  drainage  basin  of  Went  Branch  oj 

Susquehanna  River — Continned. 


Location. 


Blaclrwell 
Antrim . . . 


Source  of  Rnppl^. 


Run 


Do  --.. 
Cedar  Rim 
Cammal '. . . 
Ramsey  ... 


Pond  reoeiying  drain- 
age from  charcoal 
iron  furnace  and 
wood-alcohol  distil- 
lery. 

Stream  

Jacob  Run 


Total 

residue. 


37.962 
205.371 


I 


Jersey  Shore 
Junction. 

Do 


Stream 

Ramsey  Run 
Pine  Creek . . 


Newberry  Junc- 
tion. 

Penhryn 


Ralston 

Do 

Do 

Tront  Run. . 

Dewart  

Do 

Watsontown. 

Do 

Do 


West  Branch  Susque- 
hanna River. 

aty 


Pond 


39.843 
31.977  _ 
79.857  I 
22.914  ' 
61.902 

58.824 

73. 872 

59. 679 


RedRun 116.622 

do !    83.790 

Rock  Run ^    30.780 


19.665 


Northumberland . 
Do 


Delaware  Run 116. 109 

Stream  2  miles  west . .  '  48.393 

Stream  at  Ridge 153. 387 

Reservbir '  128.763 


West  Branch  Snsque-  '    80.028 
hanna  River. 


.do .1    78.831 


do 


6. 950 


Incrust- 
antB. 


Monin- 
cruBtanto. 


31.9 


I  4 


155. 610 


23. 940 
23. 940 
69.768 
17.955 
35.910 

41.895 

53.865 

44.631 

62. 244 
34.200 
18. 126 
13. 338 
87. 552 
29. 925 
123.291 
101 .  403 
52.668 


JUNIATA   BASIN. 


UNDERGROUND   WATERS. 


5.985 
49. 761 


15.903 
8.037 

10.089 
4. 959 

25.992 

16.929 

20.007 

15.048 

54. 378 
49. 590 
12.654 
6.327 
28. 557 
18.468 
30.096 
27.360 
27. 360 


54.720       24.111 
53.523  I     23.427 


Chlorine. 

2.907 
3.420 


I 


2.907 
2.052 
7.011 
2.052 
11.970 

7.011 

14.364 

Not 
given. 

5.130 

4.446 

4.446 

2.907 
7.011 
7.011 
7.011 
7.011 
7.011 

4.446 
4.446 


At  Martinsburg,  located  near  the  headwaters  of  the  Piney  and  Clover 
Creek  branches  of  Juniata  River,  is  a  12-foot  well  from  which  boiler 
water  is  obtained  showing  rather  large  amounts  of  dissolved  solids, 
incrustants,  and  chlorine.  The  water,  which  is  not  acid  in  reaction, 
contains  considerable  calcium  and  magnesium  sulphate  and  some 
little  iron. 

At  Altoona  water  for  both  drinking  and  boiler  purposes  is  obtained 
from  a  large  number  of  wells  sunk  to  various  depthf  up  to  2,0()0  feet. 
The  best  water,  to  judge   from  the  analytical  data  submitted,  is 
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obtained  from  a  2,000-foot  artesian  well,  which  contains  but  a  trace 
of  chlorine  and  some  calcium  carbonate  in  solution,  with  a  little  mag- 
nesium carbonate  and  sulphate,  and  from  the  well  of  the  American 
Brewing  Company,  which  contains  in  solution  but  a  small  amount  of 
salt  and  total  solids,  of  which  the  greater  part  is  magnesium  sulphate. 

There  is  a  well  187  feet  deep  at  the  Altamont  Hotel,  Altoona,  from 
which  two  samples  of  boiler  and  drinking  water  were  collected,  the 
first  of  which  shows  a  slightly  acid  water,  comparatively  low  total 
solids,  incrustants,  and  chlorine,  while  a  second  sample,  obtained  but 
a  week  later,  is  very  high  in  all  of  these  constituents  and  might  be 
considered  dangerous  for  drinking  purposes  and  to  warrant  investi- 
gation of  the  condition  of  this  well.  The  second  sample  of  water 
showed  a  slightly  alkaline  reaction,  was  slightly  turbid,  and  contained, 
magnesium  chloride  and  calcium  carbonate. 

The  analyses  of  the  waters  of  other  wells  at  Altoona,  ranging  in 
depth  from  24  to  85  feet,  show  from  moderate  to  rather  high  contents 
in  solids,  incrustants,  and  chlorine,  the  salts  found  being  chiefly  cal- 
cium carbonate  and  to  a  lesser  extent  magnesium  sulphate.  Some  of 
these  wells  furnish  drinking  as  well  as  boiler  water,  while  the  rest  are 
used  as  a  source  of  water  supply  for  locomotives. 

An  8-foot  well  at  Tyrone  shows  water  containing  rather  large 
amounts  of  solids  and  chlorine  in  solution,  with  much  calcium  and 
magnesium  sulphates  and  a  little  free  carbonic  acid.  It  is  used  for 
both  drinking  and  boiler  purposes. 

At  Lewistown  Junction  there  is  a  well  from  which  both  drinking 
and  boiler  water  is  obtained.  The  water  is  low  in  chlorine,  alkaline 
in  reaction,  and  moderately  high  in  solids — chiefly  magnesium  sul- 
phate and  calcium  carbonate. 

A  consideration  of  the  analyses  of  samples  of  water  from  various 
sources  of  supply  that  can  not  be  classified  accurately  or  separately 
under  the  above  heads  of  streams,  wells,  and  springs  leads  to  the 
following  conclusions: 

The  city  water  of  Altoona  is  slightly  acid  in  reaction,  contains  a 
small  amount  of  total  solids  and  chlorine,  with  some  iron,  calcium, 
and  magnesium  sulphate.  A  like  quality  is  shown  by  the  water  at 
Kittanning  Point,  which  is  drawn  from  the  Altoona  water  supply. 

The  city  water  of  Tyrone  and  boiler  water  at  the  Pennsylvania 
Railroad  station  at  that  place  is  of  good  quality  and  contains  but  a 
small  amount  of  calcium  and  less  of  magnesium  sulphate  and  no  car- 
bonates. 

The  boiler  water  obtained  in  East  Tyrone  is  higher  in  solids  than 
the  former  and  contains  some  calcium  carbonate  and  a  small  amount 
of  sediment. 

The  city  water  supply  of  Martinsburg,  Pa.,  is  apparently  excellent 
in  quality.  The  water  does  not  carr}^  more  than  a  trace  of  chlorine, 
is  very  low  in  solids,  slightly  acid  (probably  due  to  a  trace  of  sul- 
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phates),  and  shows  a  little  iron  in  Holution.  The  boiler  water  Hecured 
at  the  Martinsburg  railroad  station  is  higher  in  all  of  the  above  con- 
stituents except  the  iron. 

Analyses  of  water  of  the  Lewistown  reservoir  and  of  the  railroa<l 
water  stations  at  Henrietta  and  Roaring  Spring  show  the  samples  to 
be  of  the  averagt;  composition  of  Pennsylvania  waters,  snlphates  and 
carbonates  of  the  alkaline  earths  constituting  the  principal  incrust- 
ants. 

SURFACE  WATERS. 

The  spring  furniffliing  water  used  in  boilers  by  the  Pennsylvania 
Railroad  at  Kittanning  Point  does  not  contain  more  than  a  very  small 
qnantity  of  salts  in  solution,  the  latter  being  calcium  and  magnesium 
sulphate  and  sodium  chloride.  This  water  is  evidently  of  very  good 
quality  for  the  purpose  for  which  it  is  employed  and  is  also  adapted 
for  municipal  use  generally. 

The  analysis  of  spring  water  obtained  at  Altoona  shows  small 
amounts  of  total  solids  and  probable  incrust^mts  with  a  medium 
amount  of  chlorine.  Both  calcium  sulphate  and  magnesium  chloride 
are  found  in  this  water,  which  is  used  in  boilera  by  the  Pennsylvania 
Railroad. 

Winnemier's  spring,  at  Sprucecreek,  furnishes  boiler  water  showing 
rather  small  amounts  of  solids  and  incrustants  in  solution  and  a 
medium  quantity  of  saline  matter.  Calcium  sulphate  is  the  chief 
incrustant  present. 

At  Huntingdon,  on  Juniata  River,  several  springs,  large  and  small, 
are  found  near  the  reformatory.  Upon  analysis  they  average  from 
a  small  to  a  moderately  large  quantity  of  residue  and  incrustants, 
and,  with  one  exception,  show  only  traces  of  chlorine.  Small  quan- 
tities of  calcium  and  iron  carbonates  and  sulphates  are  present,  but 
not  in  sufficent  amount  to  prevent  the  use  of  the  above  water  for 
drinking  as  well  as  for  generating  steam. 

At  Hollidaysburg,  on  the  headwaters  of  Little  Juniata  River,  one 
of  the  branches  of  Juniata  River,  the  water  from  the  Little  Juniata 
shows  medium  amounts  of  residue  after  evaporation  and  of  incrus- 
tants and  chlorine,  and  in  general  composition  would  be  classified  with 
the  average  stream  water  found  in  Pennsylvania.  Although  somewhat 
high  in  calcium  sulphate,  apparently,  and  also  slightly  acid,  it  is 
regularly  used  in  boilers  by  the  Pennsylvania  Railroad. 

At  Altoona,  judging  by  samples  taken  both  above  and  below  Foun- 
tain Inn,  the  river  water  is  soft,  leaves  little  residue  upon  evapora- 
tion, and  is  low  in  incrusting  compounds  and  chlorine.  It  is  neutral 
in  reaction,  only  slightly  turbid,  and  is  advantageously  used  for  both 
drinking  and  steam-generating  purposes. 

Analyses  of  water  from  Little  Juniata  River  at  Tyrone,  Pa.,  show 
medium  to  rather  large  amounts  of  total  residue  and  incrustants  and 
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somewhat  high  average  contents  in  chlorine.  In  most  of  the  samples 
tested  the  water  is  neutral  in  reaction,  although  occasionally  alka- 
line, in  which  case  it  is  also  found  to  be  high  in  calcium  carbonate. 
Frequently  calcium  and  magnesium  sulphates  are  present  in  largo 
amounts.  This  water  is  evidently  not  considered  potable  and  is 
only  used  in  boilers. 

Farther  down  Little  Juniata  River,  at  Barree,  on  the  Pennsylvania 
Railroad,  very  good  soft  water  is  again  found,  the  analysis  of  the 
stream  at  this  town  showing  very  small  amounts  of  total  solids, 
probable  incrustants,  and  chlorine.  This  water  is  employed  for  both 
drinking  and  steam-generating  purposes,  for  which  it  is  certainly 
well  adapted. 

At  Lewistown,  on  Juniata  River,  the  water  of  Kishacoquillas  Creek 
was  found  to  be  haixi  and  to  contain  large  amounts  of  residue  upon 
evaporation,  together  with  large  quantities  of  probable  incrustants, 
but  only  small  amounts  of  chlorine.  The  incrustants  comprise  chiefly 
clayey  matter  and  calcium  carbonate,  while  the  principal  nonin- 
crustant  appeal's  to  be  magnesium  sulphate.  The  above  water  is 
used  for  drinking  purposes  as  well  as  in  boilers. 

Analyses  of  tvaterfrom  tfie  drainage  basin  of  Juniata  River, 

[Parts  i>er  million.] 


Source  of  supply. 

Total  resi- 
due. 

Incrus- 
tants. 

Nonincrus- 
tants. 

Chlorine. 

STREAMS. 

Lewistown  (Kishacoquillas  Creek)  _._ 

580. 374 

536. 427 

43. 947 

8.420 

Barree . .  _ 

21.204 

14.706 

6.498 

2.907 

Tyrone  (Little  Juniata  River) 

127. 566 

76. 779 

50. 787 

CJonsider- 
able. 

Tyrone  (Juniata  River)  _ 

379.962 

285.912 

94.050 

31.635 

Tyrone  (stream  at  water  station) 

143. 127 

111.321 

31.806 

5. 985 

Tyrone  (river  at  water  station) 

146. 547 

114.228 

32. 819 

11.970 

Altoona  (stream above  Fountain  Inn). 

42. 237 

■  84. 371 

7.866 

2.907 

Altoona  (stream  below  Fountain  Inn) . 

40. 869 

31.464 

9.405 

2.907 

HoUidaysburg  (Little  Juniata  River)  . 

129. 618 

93. 708 

35.910 

6.840 

SPRINGS. 

Huntingdon  (springs  at  reformatory)  . 

29. 925 

27. 189 

2.786 

Trace. 

Huntingdon  (spring  at  reformatory) . . 

169. 461 

159.543 

9.918 

3.420 

Huntingdon  (large  springs  at  reforma- 
tory)   

29.925 

27. 873 

2.052 

Trace. 

Huntingdon  (small  springs  at  reforma- 
tory)  

41.895 
\      49. 932 

1 

33.858 
30. 267 

8.037 
9.665 

Trace. 

Altoona 

7.011 

Spmcecreek  (Winnemier's  spring) 

63. 954 

30.951 

83.003 

6.840 

Kittanning  Point 

24.966 

11.970 

12.996 

8.420 
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Analy9es  of  water  froni  the  drairuige  bagin  of  Juniata  i2n^er— ContinQed. 


Source  of  supply. 


WSLLS. 

AltooDA  (American  Brewing  Ca) 

Altoona  (Mackey  House) 

Altoona  (weU  at  Eighteenth  street) . . 

Altocma  (well  at  Nineteenth  street) . . 

Altoona  (well  at  car  shop,  24  feet)  — 

Altoona  (weU,  84  feet) 

Altoona  (artesian  well,  85  feet,  Ninth 
avenae) 

Altoona  (well,  187  feet,  Altoona  Hotel) 

Do-_ 

Altoona  (artesian  well,  2,000  feet) . .   . 

Lewistown  Junction 

Tyrone  (well,  8  feet) 

Martinsburg  (12-foot  well) 


NOT  CLASSIFIED. 

Altoona  (city  water) 

Kittanning  Point  (Altoona  water  snp- 

ply) 

Tyrone  (city  water) 

Tyrone  (water  station) 

East  Tyrone  (water  station) 

Martinsbnrg  (city  snpply,  mountain 
reservoir) 

Martinsbnrg  (water  station) 

Lewistown  (reservoir) 

Henrietta  (water  station) 

Roaring  Spring  (water  station) 


Total  resi- 
dne. 


42.408 
503.424 
227. 772 
325. 071 
276.038 
236.822 
207.423 

692.892 
75.411 
179.550 
389.880 
346.617 
414.504 


76.266 

84.987 

38.133 

42. 408 

114.570 

25.821 
249. 318 
211.356 

56.772 
109.611 


28.899 
250.344 
162.621  I 
239.400  ' 
237.177  I 
178.524  ! 
174.420  ' 

406.638 
45. 144 
119. 700 
241.110 
220. 932 
161.424 


43.263 

49. 077 
27. 873 
31.685 

82.080 

15.903 
198.360 
179. 550 

40.869 
103. 113 


13.509 
253.080 
65. 151 
85.671 
39.761 
57.798 
33.003 

286.254 
30.267 

59.  a>o 

148. 770 
125. 685 
253.080 


33.003 

35.910 
10.260 
10. 773 
32.490 

9.918 
50.958 
31.806 
15.903 

6.496 


Chlorino. 


3.420 
71.820 
20.520 
27. 873 
17.442 
11.970 
13.680 

112.689 

5. 472 

Trace. 

3.078 

42.750 

46. 512 


4.959 

6.840 

8.420 

5.985 

29.925 

Trace. 
2.394 
7.011 
6.840 
2.394 
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SUSQUEHANNA  RIVER  BELOW  SUNBURY. 

At  Sunbury,  Pa.,  located  near  the  junction  of  West  Branch  and. 
Susquehanna  River,  a  soft  water  is  used  for  drinking  and  other  pur- 
poses. It  contains  but  a  trace  of  sediment,  chiefly  clay  and  iron,  and 
a  little  calcium  sulphate  and  sodium  chloride. 

Below  Sunbury  the  first  town  is  Millersburg,  the  water  of  which  is 
about  the  same  in  quality  as  that  of  Sunbury.  This  is  also  true  of 
some  samples  of  water  at  Clarks  Ferry,  although  othera  taken  at  tlie 
same  place  are  moderately  high  in  total  solids  and  in  chlorines,  witli 
a  neutral  or  slightly  acid  reaction. 

Rockville  water  is  soft  in  character  and  low  in  solids,  incrustants, 
and  chlorine.  At  West  Fairview,  both  on  Susquehanna  River  and  at 
Conedogwinet  Creek,  the  drinking  and  boiler  water  used  is  appreci- 
ably higher  in  solids,  incrustants,  and  chlorine,  and  contains  a  small 
amount  of  sediment. 

The  water  of  Susquehanna  River  at  Enola  is  low  in  total  solids, 
Incrustants,  and  chlorine,  is  neutral  in  reaction,  with  a  trace  of  sedi- 
ment, and  contains  some  carbonates  and  sulphates  of  lime  and  ma|2^- 
nesia.     In  general  it  is  of  fairly  good  quality. 

At  Harrisburg  the  city  water  shows  but  very  little  chlorine  upon 
careful  analysis,  slight  turbidity,  little  magnesium  sulphate,  more 
calcium  carbonate,  and  a  little  calcium  sulphate  and  iron.  At  tho 
roundhouse  tap  the  water  is  moderately  high  in  chlorine  and  in  dis- 
solved carbonates  and  sulphates  of  lime,  magnesia,  and  iron.  It 
reacts  slightly  alkaline  after  being  boiled. 

At  New  Cumberland  the  water  is  moderately  high  in  dissolved  sol- 
ids and  chlorines  and  contains  but  a  very  small  amount  of  nonin- 
erustants.  Similar  conditions  hold  true  with  the  waters  of  Shenks 
Ferry,  which  are  neutral  in  reaction. 

The  water  in  the  canal  at  Harrisburg  is  decidedly  acid  in  reaction, 
due  to  the  presence  of  considerable  sulphuric  acid  or  sulphates,  prob- 
ably combined  with  some  lime  and  a  little  magnesia  and  iron.  The 
total  solids  are  moderate  in  quantity  and  the  chlorine  contents  mod- 
erately high. 

At  Lucknow,  near  Harrisburg,  are  some  swamp  springs  which  fur- 
nish neutral  water  for  boiler  and  drinking  purposes  and  are  of  aver- 
age composition,  excepting  the  moderately  high  contents  in  chlorine. 
Some  magnesium  sulphate  and  calcium  carbonate  with  traces  of 
organic  matter  were  detected  in  this  water. 
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Analff^es  of  water  from  the  drainage  basin  of  Susquehanna  River  Mow  Sunbury. 

[Puris  iier  million.] 


Sourre  of  supply. 


Total 
residue. 


STREAMS. 

Snnbmy  (city  water) 

MilleTsbuTK ' 

Clarks  Ferry 

Do ' 

Do 

Bockrille 

West  Fairview 

West  Fairview  (CJonedogwinet) 

Enola _ 

Harrisbnrg  (city  water) i 

Harrisbnrg  (ronndhonse  tap) 

Harrisbnrg i 

New  Cnmberland  (city  water) 

New  Cumberland  (Kaoffman's  store) ., 

Colambia  (Pelliisylvania  R.  R.  reser-  | 
voir) 

Shenks  Ferrv 


Tm.  404 

62.4ir) 

42.066 

251.712 

213.066 

53.010 

101.916 

188. 100 

82. 935 

115.767 

174. 762 

207. 423 

131.670 

135.774 

123. 6:« 
98. 667 


CANAL. 


Harri.sbTirR .      159.543 


SWAMP  SPRINGS. 


Lnrlmow  (near  Harrisbnrg) 135. 090 


"Very  little-. 


SUMMARY. 


lOCTUBt- 

Ent8. 


45.315 

47.709 

32. 490 

150.309 

170.316 

44.460 

73. 359 

148. 428 

63.441 

89. 775 

139.878 

162.108 

127.737 

126.711 

94.221 
90.288 

117.990 


108. 585 


NoniD« 
cnutants. 


10,089 
14.706 

9. 576 

101.403 

42. 750 

8.550 
28. 557 
39. 672 
19. 494 
25.992 
34. 884 
45.315 

3. 933 

9.06:^ 

29. 41*2 
8. 379 

41.553 


26. 505 


Chlorine. 


3.983 
3.933 
4. 959 
5. 9H5 
12.825 
3. 420 
7.011 
4.446 
3. 9JJ3 

(«) 
5. 9H5 

8. 379 

7.011 

4.446 

6.840 
3. 933 

6. 840 


8.208 


The  value  of  Susqaehanna  Riveras  a  resource  to  the  inhabitants  of 
the  important  area  which  it  drains  is  without  question.  It  has  been 
noted  in  previous  pages  that  the  character  of  the  water  in  the  main 
stream  is  markedly  variable,  while  as  a  whole  that  of  the  tributaries 
is  quite  satisfactory.  The  part  of  the  stream  which  flows  througli 
New  York  is  ex4»nsively  used  as  a  source  of  water  supply,  but  as  it 
leaves  the  northern  anthracite  coal  basin  in  Pennsylvania  its  useful- 
ness in  this  line  of  development  is  somewhat  limited.  It  has  been 
demonstrated  by  the  water  department  of  the  city  of  Harrisbnrg  tliat 
by  reason  of  its  pecnliar  character  the  water  is  exceedingly  difficult 
of  satisfactory  purification. 
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It  has  been  noted  that  the  pollution  of  rivers  by  acid  mine  refuse  is 
not  without  certain  advantages.  This  does  not  mean,  however,  that 
such  pollution  is  in  the  end  beneficial,  yet  from  the  standpoint  of 
public-water  supply  it  is  not  as  dangerous  as  the  pollution  which  is 
freely  poured  into  the  stream  from  city  sewers.  Acid  mine  waste  is 
certainly  harmful  to  the  resources  of  any  stream,  and  it  is  doubtful  if 
a  stream  so  polluted  could  be  used  as  a  domestic  water  suppl}'  with 
satisfaction.  Susquehanna  River  water  could  not,  however,  be  used 
in  its  raw  state  for  household  purposes  if  no  mine  drainage  was  turned 
into  it.  This  being  the  case  the  bad  effects  of  mine  drainage  which 
are  readily  apparent  in  the  small  tributaries  running  from  the  coal 
regions,  are  not  important  in  the  main  stream,  for  as  shown  on  previ- 
ous pages  there  the  effects  are  altogether  beneficial.  Stated  in  another 
way,  it  may  be  said  that  acid  mine  drainage  does  great  damage  to  a 
water-supply  stream,  but  is  of  undoubted  benefit  in  a  stream  which 
has  been  converted  into  a  depository  for  sewage.  These  benefits  are, 
however,  somewhat  limited.  The  precipitation  of  immense  quanti- 
ties of  sewage  matter  and  coal  dust  will  eventually  fill  up  the  bed  of 
the  river  along  certain  reaches  and  in  the  end  be  troublesome.  In 
fact,  the  effects  are  already  apparent  in  some  sections. 

It  is  probable  that  Susquehanna  River,  especially  that  portion  below- 
West  Branch,  is  of  more  value  as  an  agent  of  sewage  disposal  than 
it  would  be  if  attempts  were  made  to  purify  it.  It  would  be  impossi- 
ble, with  the  present  large  population  upon  the  drainage  area,  to  ren- 
der the  great  stream  pure ;  this  being  the  case,  it  might  as  well  receive 
city  sewage  up  to  a  certain  limit.  The  size  of  the  stream  and  the 
purifying  effect  of  acid  mine  waste  make  it  extremely  unlikely  that 
the  population  along  the  river  will  increase  enough  to  render  the  river 
a  nuisance  and  a  damage  to  realty  values.  Almost  the  only  serious 
problem,  with  reference  to  the  main  stream,  which  presents  itself  at 
the  present  time  is  that  of  the  disposal  of  culm  from  the  coal  wash- 
eries.  Although  this  material  has  been  turned  into  the  stream  during 
a  comparatively  short  period  only,  its  damaging  effects  are  already 
apparent;  therefore  it  is  not  difficult  to  foresee  what  will  transpire  in 
the  future  if  steps  are  not  taken  to  dispose  of  it  in  some  other  man- 
ner. Not  the  least  important  feature  in  this  consideration  is  the 
enormous  waste  of  material  which  may  at  some  time  in  the  future  be 
a  marketable  product. 


INDEX. 


Pago. 

Allegheny  MoantaioB,  drainage  of 14 

geological  history  of 13 

geology  of 13 

portion  of.  In  Susquehanna  basin.  11 

topography   of 13,14 

Allegheny  Plateau,  character  of 11-13 

geological  history  of 11-12 

geology  of ' 12-13 

glaciatlon  in 12 

portion  of»  in  Susquehanna  basin.  11 

topography  of 12-13 

Allegheny  Valley,  area  of,  in  Susque- 
hanna I>a8in 15 

character  of 14-15 

extent  and  limits  of 14-15 

portion  of,  in  Sasquehanna  Pla- 
teau   11 

AUoona,  Pa.,  city  water  of,  analysis 

of 50,67 

city  water  of,  character  of 64 

rlyer  water  at,  analyses  of 66 

character  of 65 

spring  water  at,  analysis  of 66 

character  of 65 

well  water  at,  analysis  of 67 

character  of 63-64 

Analyses  of  mine  waste 25 

Analyses  of  water,  Chemung  Rlrer..  22,  52 

Chemung  River  basin 52 

Juniata   River 49-51 

Juniata  River  basin 66-67 

Sasiquelianna    River 21, 

32,  48—19,  53.  69 

above   Binghamton 21 

at  Nanticoke  dam 32 

below   Harrisburg 48-49 

ijelow  Snnbury 69 

Susquehanna  River  basin,  l)eIow 

Sunbury    69 

north  of  Sunbury  (Chemung 

tnsin  excluded) 53 

Suaqueiianna         River,         West 

Branch  of 47,60-63 

Susquehanna  River  Imsin,  West 

Branch  of 55-56,  60-63 

Wyoming  Valley 36-37 

Anderson   Creek,  water  of,  analysis 

of    61 

water  of,  character  of 57 

Ansonia,     Pa.,     surface     waters    at, 

analysis  of 62 

surface  waters  at,  character  of-  59 
Anthracite    basin,    northern,    condi- 
tions In 23-45 

description  of 27 

water  in,  analyses  of 25 


Page. 
Anthracite    basin,    water    in,    char- 
acter   of 26 

water  supplies  of 35-45 

Antrim,  Pa.,  surface  water  at,  analy- 
sis of 63 

surface  water  at,  character  of 60 

Bald  Eagle  Creek,  water  of,  analysis 

of 62 

water  of,  character  of 58-69 

Bamesboro,  Pa.,  well  water  at,  char- 
acter of 53,55 

Bacree,  I*a.,  river  water  at.  analysis 

of 50,66 

river  water  at,  charnctor  of 66 

Beaver  Dams,  N.  Y.,  river  water  at, 

analysis  of 52 

well  water  at,  analyses  of 32 

Beech  Creek,  Pa.,  surface  waters  at, 

analyses  of 62 

surface  waters  at,  character  of  58-,59 

Beech  Creek,  water  of,  analysis  of__  62 

water  of,  character  of 58-59 

Belief  on  te.    Pa.,    surface    wo  tors    at, 

analysis  of 47,62 

surface  waters  at,  character  of__  59 

Belsena,  Pa.,  water  at.  analysis  of  .  61 

water  at,  character  of 57 

Bcnesett,  Pa.,  surface  water  at,  anal- 
ysis of 47,62 

surface  water  at,  character  of 58 

Bennett  Branch,  water  of.  character  58 

of 58 

Binghamton,  N.  Y.,  water  at.  analysis 

of 53 

Blackwell,  Pa., surface  water  at,  anal- 
ysis of 63 

Blair  Furnace,   Pa.,  river  water  at, 

analysts  of 50 

Bower,  -Pa.,  river  water  at,  analysis  of  61 

river  water  at,  character  of .'57 

Boyds  Run,  water  of,  analysis  of 53 

Caledonia,  Pa., surface  water  at,  anal- 
ysis of 47.62 

surface  water  at,  character  of 58 

Cameron  colliery,   Shamokln,  drain- 
age from,  analysis  of 25 

Cammal,  Pa.,  surface  water  at.  anal- 
ysis of 63 

surface  water  at,  character  of 50 

Campl)eir8  pond,  Carrol Itown,  water 

of,  analysis  of 00 

water  of,  character  of 50 

Canoe  Creek,  water  of,  analysis  of 62 

water  of,  character  of_^ 58-59 

Canton,  Pa.,  water  at,  analysis  of 53 

71 


72 


INDEX. 


Page. 

Carbondale,  Pa.,  sewage  of 23-24 

water  supply  of 26 

CarroUtown,  Pa.,  pond  at,  analysis  of  60 

pond  at,  character  of  water  of  -  60 
Castanea  reservoir,  Lockhaven,  water 

of,  character  of 54 

Cedar   Run,   Pa.,   surface  water  at, 

analysis  of 63 

surface  water  at,  character  of —  59 

Chemung  River,  water  of,  analysis  of  22,  52 

water  of,  character  of 22 

Chemung  River  basin,   groundwater 

of,  analysis  of 51-52 

ground  water  of,  character  of 51-52 

surface  water  of,  analyses  of 52 

character  of 52 
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LETTER  OF   TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington^  D.  C,  May  5,  1904. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  John 
C.  Hoyt  and  Rol)ert  II.  Anderson,  relating  to  the  hydrography  of  the 
Susquehanna  River  drainage  basin,  and  recommend  its  publication 
in  the  series  of  Water-Supply  and  Irrigation  Papers. 

In  this  paper  has  been  brought  together,  in  such  form  as  to  be  of 
use  to  both  the  general  and  the  engineering  public,  all  the  available 
hydrographic  information  in  regard  to  this  important  area. 

It  is  intended  that  this  paper  shall  be  published  in  sequence  with 
another  (No.  108)  entitled  ''Quality  of  Water  in  the  Susquehanna 
River  Drainage  Basin,  by  Marshall  Ora  Leighton,  with  an  Introduc- 
tory Chapter  on  Physiographic  Features,  by  Greorge  Buell  HoUister." 
The  combination  of  the  two  papers  will  make  available  a  large 
amount  of  valuable  information  with  reference  to  the  resources  of 
this  important  river  system. 
Very  respectfully, 

F.  H.  Newell,  Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeologwal  Survey. 
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HYDROGRAPHY  OF  THE  SUSQFEHANNA  RIVER  BASIN. 


By  John  C.  Hoyt  and  Robert  H.  Anderson. 


INTBODUCTIOX. 

A  detailed  study  of  the  hydrographic  features  of  the  Susquehanna 
River  drainage  basin  has  revealed  the  existence  of  a  large  amount  of 
interesting  data.  These,  however,  are  widely  distributed  in  various 
publications  and  manuscripts  which  are  in  most  cases  inaccessible. 
This  paper  has  been  prepared  to  meet  the  constant  demand  for  this 
information  from  both  the  general  and  the  engineering  public.  The 
general  deductions  are  intended  to  give  the  general  reader  a  compre- 
hensive review  of  the  principal  conditions  which  exist  in  this  area, 
while  the  base  data  have  been  given  for  the  use  of  tlie  engineer,  so 
that  he  may  make  his  own  deductions  and  have  sufficient  data  for 
estimates  in  hydraulic  investigations. 

acknowi:.icd(;ment8. 

The  records  and  reports  of  the  United  States  Geological  Survey 
have  been  the  chief  sources  from  which  the  data  on  flow  have  been 
obtained.  These  records  have  been  carefully  revised  and  in  many 
cases  recomputed.  New  rating  tables  based  on  all  the  discharge 
measurements  to  date  have  been  prepared  and  the  tables  of  estimated 
discharge  have  been  revised  to  agree  with  these  rating  tables.  These 
recomputations  will  account  for  the  differences  between  the  figures 
herein  presented  and  many  of  those  in  the  previous  reports,  as  the 
latter  were  prepared  from  year  to  year  with  such  information  as  was 
available.  Special  acknowledgment  is  due  to  E.  G.  Paul,  resident 
hydrographer  for  Pennsylvania,  who  est>ablished  the  gaging  stations 
and  under  whose  direction  the  discharge  measurements  in  this  State 
have  been  made.  The  stations  in  New  York  were  established  and 
have  been  maintained  under  the  direction  of  R.  E.  Horton,  resident 
hydrographer  for  that  State. 

The  base  data  from  which  the  precipitation  tables  have  been  pre- 
pared were  taken  fix)m  the  published  reports  of  the  United  States 
Weather  Bureau. 

9 


10  HYDROGRAPHY   OF  SUSQUEHANNA   BASIN.  two.  lod. 

The  tables  showing  the  utilized  horsepower  in  1900  are  from  manu- 
script schedules  furnished  by  the  manufactures  division  of  the 
Twelfth  Census. 

In  the  preparation  of  descriptive  portions  of  the  paper  Vol.  XVI 
of  the  reports  of  the  Tenth  Census  (Water  Powers,  Part  I),  Rogers's 
Geology  of  Pennsylvania,  and  the  Army  Engineers'  reports  have  been 
largely  drawn  xipon. 

The  annual  reports  and  original  records  of  the  Chief  of  Engineers, 
United  States  Army,  have  furnished  valuable  information  in  regard 
to  declivity,  and  the  profiles  herewith  given  are  largely  based  upon 
them. 

The  data  for  McCalls  Ferry  have  been  furnished  through  the  kind- 
ness of  Dr.  Cary  T.  Hutchinson,  of  New  York  City,  who  is  interested 
in  the  power  development  at  that  point  and  had  charge  of  extensive 
surveys  and  studies  there  in  1902  and  1903.  Special  mention  is  due 
Boyd  Ehle  and  R.  H.  Anderson,  who  established  and  carried  on  the 
measurements  at  the  McCalls  Ferry  gaging  station. 

Acknowledgment  is  also  due  to  Frank  II.  Brundage,  H.  J.  Saunders, 
L.  R.  Stockman,  and  other  members  of  the  hydro-computing  section 
of  the  United  States  Geological  Survey  for  assistance  given  in  the 
computations  and  in  other  work  connected  with  the  preparation  of 
the  many  tables. 

DESCRIPTION  OF  DRAINAGE  AREA. 

GENERAL  FEATURES. 

The  Susquehanna  River  basin  is  the  largest  and  most  important 
drainage  area  commercially  in  the  North  Atlantic  States,  although  it 
is  not  the  most  important  as  regards  water  power.  The  headwaters 
of  this  river  system  are  on  the  elevated  plateau  which  separates  the 
watery  which  flow  south  and  east  into  the  Atlantic  streams  from  those 
flowing  north  and  west  into  the  Mississippi,  St.  Lawrence,  and  Great 
Lakes. 

Geologically,  this  watershed  lies  in  four  physiographic  divisions: 
the  Allegheny  Plateau,  the  Allegheny  Mountains,  the  Great  Allegheny 
Valley,  and  the  Piedmont  Plateau.  Its  distribution  among  these 
provinces  is  approximately  as  follows:  Allegheny  Plateau,  56  per 
cent;  Allegheny  Mountains,  31  per  cent;  Great  Allegheny  Valley,  6 
per  cent;  Piedmont  Plateau,  7  per  cent. 

As  the  physical  features  of  the  foregoing  divisions  and  the  early 
history  of  the  formation  of  this  basin,  as  well  as  the  quality  of  the  water, 
have  been  fully  discussed  by  Messrs.  G.  B.  Ilollist-er  and  M.  O.  Leighton 
in  Water-Supply  Paper  No.  108,  further  discussion  here  is  omitted. 

The  Susquehanna  drainage  basin,  as  shown  in  fig.  1,  has  a  total  area 
of  27,400  square  miles.  It  comprises  21,060  square  miles  in  Pennsyl- 
vania, or  about  47  per  cent  of  the  area  of  the  State;  6,080  square 
miles  in  New  York,  or  13  percent  of  the  area  of  the  State;  260  square 
miles  in  Maryland,  or  about  2  per  cent  of  the  area  of  the  State.    It 
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inclades  all  or  a  portion  of  the  counties  in  Now  York  and  Pennsyl 
Yania  listed  in  the  table  below: 


Pio.  1.— Map  showing  drainage  area  and  location  of  gaging  and  rainfall  stations. 

('aunties  in  New  York  and  Pennsylvania  drained  wholly  or  in  part  by  Stisqiie- 

hanna  River  and  its  tributaries. 


New  York: 

Madison. 

Cortland. 

Otfiego. 

Chenango. 

Delaware. 

Broome. 

Tioga. 

Tompkins. 

Schuyler. 

Chemnng. 

Btenben. 
Pennsylvania: 

Potter. 

Tioga. 

Bradford. 

Snsqnehanna. 

Elk. 

Cameron. 

Clinton. 

Lycoming. 

Snlliyan. 

Wyoming. 

Lackawanna. 

Lnzeme. 

Colnmbia. 


Pennsylvania — Continned. 
Montour. 
Northninberlaud . 
Union. 
Center. 
Clearfield. 
Indiana. 
Cambria. 
Blair. 

Huntingdon. 
Mifflin. 
Juniata. 
Snyder. 
Perry. 

Cumberland. 
York. 
Adams. 
Franklin. 
Fulton. 
Bedford. 
Somerset. 
Dauphin. 
Schuylkill. 
Lebanon. 
Lancaster. 
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[no.  100. 


Juniata  River. 


Frankstown  Branch.' 


In  order  to  simplify  the  descriptive  matter  which  follows,  the  fol- 
lowing division  has  been  made  of  the  Susquehanna  River  system: 
Susquehanna  River  and  its  tributaries  below  mouth  of  West  Branch; 
Susquehanna  River  and  its  tributaries  above  mouth  of  West  Branch; 
West  Branch  of  Susquehanna  River  and  its  tributaries.  The  prin- 
cipal streams  in  each  division  are  shown  by  the  following  diagrams: 

Tributaries  of  Susquehanna  River  below  West  Branch,' 

Shamokin  Creek. 
Penn  Creek. 
Middle  Creek. 
Mahanoy  Creek. 
Mahantango  Creek. 
Bnrgess  Creek. 
Wiconisco  Creek. 
Armstrong  Creek. 

Sugar  Creek. 

Canoe  Creek. 

Piney  Creek. 

Clover  Creek. 

T  -xi-i    T     •  X    [Spruce  Creek. 
Little  Juniata. <t/,,  „     ,    ^     , 

(Bald  Eagle  Creek« 

Shavers  Creek. 
Standing  Stone  Creek. 
Buffalo  Creek. 
Dunnings  Creek. 
Cove  Creek. 
Shavers  Creek. 
Brush  Creek. 
Yellow  Creek. 
Great  Trough  Creek. 
Aughwick  Creek. 
Eishacoquillas  Creek. 
Jacks  Creek. 
Lost  Creek. 
Tuscarora  Creek. 
Cocolanus  Creek. 
Buffalo  Creek. 
Powell  Creek. 
Shermans  Creek. 
Clark  Creek. 
Stoney  Creek. 
Fishing  Creek  No.  1. 
Conedoguinet  Creek. 
Pazton  Creek. 
Yellows  Breeches  Creek. 
Swatara  Creek. 
Conewago  Creek. 
Codorus  Creek. 
Conestoga  Creek. 
Pequea  Creek. 
Otter  Creek. 
Muddy  Creek. 


Raystown  Branch. 


HOTT    AXD 
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IVibuiariea  of  Stiaquehanna  River  below  Weai  Brand^Contiiiiied. 


Fishing  Creek  No.  2. 
Broad  Creek. 
Caoowingo  Greek. 
Octoraro  Creek. 
Deer  Creek. 


Tributaries  of  Susquehanna  River  above  West  Branch, 


OtaegoLiake. 
Oak  Creek,  Schuyler  Lake. 
Cherry  VaUey  Creek. 
Schenevus  Creek. 
Charlotte  River. 
Otsego  Creek. 
Onleont  Creek. 
Carrs  Creek. 

TT     j-^1    Tfc-        IButtemnt  Creek. 

[Wharton  Creek. 
Bennetts  Creek. 
Stamoca  Creek. 
Salt  Ldck  Creek. 
Snake  Creek. 


Chenango  River. 


Castle  Creek. 

Gtenegantslet  Creek. 

Canaswacta  Creek. 

Extern  hranch  Tioaghnioga. 

Tionghnioga  River.]  Western  branch  Tionghniogo. 

Otselic  River. 


Choconnt  Creek. 
Nanticoke  Creek. 
Ai>alachin  Creek. 

Oweeo  Creek  P^^^^«  ^^^^' 
uwego  ureelc.  ^^^^  ^^^^^^ 

Wappasening  Creek. 
Caynta  Creek. 


Chemnng  River. 


Ten  Mile  Creek. 
Twelve  Mile  Creek. 
Five  Mile  Creek. 

Carr  Valley  Creek. 

Crosby  Creek. 

Pnrdy  Creek. 

Bennetts  Creek. 

Tnscorora  Creek. 

Mill  Creek. 

Tioga  River. 


Canisteo  River. 


Hammond  Creek. 


Crooked  Creek. 
Cowanesqne  Creek. 


Sngar  Creek. 
Towanda  Creek. 
Wyaox  Creek. 
Wyalnsing  Creek. 
Tnscarora  Creek. 
Meshoppen  Creek. 
Mehoopany  Creek. 


Bucks  Creek. 
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Trihutariett  of  Stisquelianna  River  above  Went  Brandi — Continaed. 

Tunkhannock  Creek. 
Bnttermilk  Creek. 
Coray  Creek. 
Gardner  Creek. 
Abraham  Creek. 
MiU  Creek. 
Toby  Creek. 
Buttonwood  Creek. 
Warrior  Creek. 
Newport  Creek. 
Harvey  Creek. 
Htinlock  Creek. 
Shickshinny  Creek. 
Little  Wapwallopen  Creek. 
Wapwallopen  Creek. 
Nescopec  Creek. 
Briar  Creek. 

Little  Fishing  Creek. 

Green  Creek. 

Huntington  Creek. 
Catawissa  Creek. 
Roaring  Creek. 
Mahoning  Creek. 

TributaHes  of  West  Branch  of  Susquehanna  River, 

Anderson  Creek. 
Clearfield  Creek. 
Moshannon  Creek. 
Mosquito  Creek. 


Fishing  Creek. 


Sinnemahoning  Creek. 


West  Creek. 
Bennetts  Brook. 
East  Fork. 


Kettle  Creek. 
Yonngwomans  Greek. 

Spring  Creek. 
Bald  Eagle  Creek.'  Beach  Creek. 

Fishing  Creek. 

i Marsh  Creek. 
Babbs  Creek. 
Little  Pine  Creek. 
Big  Larrys  Creek. 
Lycoming  Creek. 
Loyalsock  Creek. 
Muncy  Creek. 
White  Deer  Hole  Creek. 
White  Deer  Creek. 
Buffalo  Creek. 
Chillisquaqne  Creek. 

The  following  table,  compiled  from  Vol.  XVI  of  the  rejKirts  of  the 
Tenth  Census  and  from  the  publications  of  the  United  States  Geo- 
logical Survey,  shows  the  drainage  area  at  different  points  on  Sus- 
quehanna River  and  its  tributaries. 
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Drainage  areas  of  Susquehanna  River  attd  its  tributaries. 


Siuqaehaima  River 


Do 


Tribut*ry  t«> 


Point  of  meMrarement. 


Do _... 

1 

Do 

1 

Do 

Do 

Do  -  

t 

1 

Do 

1 
Do 

Do 

Do 

1 
Do . 

Do 

1 

I 

Do 

Do 

Do 

Do 

Chesaiieake  Bay  Outlet    of    Otsego 

Lake. 

do         ....  Oak  Creek 

do    .  Below  and  inclading 

Oak  Creek. 

do  Oneonta 

do    Below  and  inclading 

Charlotte  River. 

do '  Unadilla  River 

do    Below  and  iaclnding 

Unadilla  River. 

do Nineveh 

do I  Snsquehanna. 

do 

do 


do 
do 


.  Do 

Do 

Do. 

SLtamokin  Creek 

Penn  Creek 

Middle  Creek do 

Mahanoy  Creek do 

Mahantango  Creek do 

Wiconisco  Creek do 

Clark  Creek- I do 

Yellow  Breeches  Creek . ' do 


do 

do 

do 

do 

...do 

...do 

..do 

Susquehanna  River 
-  .do 


Conedogwinit  Creek. 

Swatara  Creek 

Conewago  Creek 

Shermans  Creek 


do 
-do 

do 
.do 


PequeaCr^k I do 


Binghamton 

Below  and  including 

Chenango  River. 
Chemung  River . . . .  1 
Below  and  including 

Chemung  River. 

Wilkesharre 

Danville 

Month  of  west  branch 

Sunbnry 

Harrisborg 

McCalls  Ferry 

Mouth 

do 

do 

do .. 

do .. 

do 

do 

do 

do..     

do 

do 

do...  

do 

do 


Dralnaire 


Sq.m 


iirt. 

212 


0686 
718 

0  914 

«1.480 

1»790 

2,024 

02,400 

03,960 

4,940 
07,460 

0  9,810 

oil,  070 

011,140 

018,170 

0  24,030 

0  26,770 

0  27,400 

165 

861 

147 

183 

166 

83 

47 

247 

450 

536 

560 

232 

148 


a  Measured  by  United  ^tatee  Geolojficia  Survey. 
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Draindge  areas  of  Susquehanna  River  and  its  tributaries — ^Contintied. 


Steam. 


Tribntary  to— 


Conestoga  Creek 

Do 

Conowingo  Creek i do 

Octorara  Creek ' do 

Deer  Creek 

Oak  Creek 

Cherry  Valley  Creek. . . 

Scbeneyns  Creek 

Charlotte  River 

Otego  Chreek 

Oaliont  Creek 

Unadilla  River 

Bnttemut  Creek 

Wharton  Creek. 

Bennetts  Creek 


Susqaehanna  River. 
....do 


....do  _. 

....do 

.-..do :. 

.-..do 

.-..do 

....do 

....do 

...-do 

Unadilla  River 

....do 

Sasqnehanna  River. 


Point  of  measnrement. 


Drainage 


Chenango  River I do 


Do 
Do 


do 
do 


Do 

Canasawacta  Creek 

Gknegantslet  Creek 

Tionghnioga  River 

Do 

West  Branch  Tionghni- 
oga River. 

East  Branch  Tionghni- 
oga River. 

Otselic  River 

Stamcca  Creek 

Owego  Creek 


Caynta  or  Shepards 
Creek. 

Chemung  River 

Do 

Tioga  River 

Do 

Do 

Canisteo  River 

Tnscarora  Creek 

Cowanesque  Creek 


do 

Chenango  River 

do  - 

do 

do I  Month 

Tionghnioga  River \ do 

do 


Lancaster 

Month 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Canasawacta  Creek.  _ 

Tionghnioga  River . . 

Below  and  including 
Tionghnioga  River. 

Month  .- 

do 

do 

Otselic  River 


Sq. 


miles. 

332 

474 

81 

178 

128 

115 

121 

127 

17H 

106 

115 

561 

128 

92 

4T 
*x  ■ 

»7 
1,  •     ■ 


al 


do 


Susquehanna  River. 
do 


do 


do 

do 

Chemung  River 

do 

do 

do.. 

do 

Tioga  River 


do 

do 
do 
do 
do 


Elmira 

Month 

do 

Cowanesque  Creek. . . 

Canisteo  River 

Mouth - 

do 

do_ ,,.,- 


1  . 

39t 
Us 

. .  110 

J.  r>30 

1,33U 

438 

776 

545 

lao 

288 


a  Measured  by  United  Btates  Geologricftl  QiUTvey. 
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Drainage  aretis  of  Susquehanna  River  and  its  tributarien — (Continued. 


Steam. 


Sugar  Creek 

Towanda  Creek 

Wvsox  Creek 

W^ralnsmg  Creek 

Tnnkbaimock  Creek 


Tributary  to— 


Point  of  meairareinent. 


DndfiAffo 
area. 


Snaqnehanna  River. 
do 


Month 
do 


.do 
-do 
.do 


do 
do 
do 
do 
do 


Lackawanna  Creek do 

Li ttle     Wapwallopen    do 

CYeek. 

Big  Wapwallopen  Creek do do 

Nesoopec  Creek do do 

Catawissa  Creek I do do 

Fishing  Creek i do ' do 

do Clearfield  Creek 


Sq.  milrn. 

177 
220 

90 
204 
409 
323 

38 

68 
145 
181 
a53 


West    Branch   Susque- 
hanna River. 

Do.- 

Do. 

Do.-.- 

Do 

Do 

Do 


do 
do 
do 


SinnemahoningOeek 

Queens  Run 

Lock  Haven 


do Williamsport 

do Allenswood  . 

do    Mouth 

I do 


Clearfield  Creek West  Branch  Susque 

hanna  River. 

Moshannon  Creek do .do 

Mosquito  Creek do .^ do 

Sinnemahoning  Creek  .... .     do Benezette  . 

Do .do - . _ Driftwood 

Do.. do Mouth 


Trout  Rtin _ Sinnemahoning  Creek 

Driftwood  Branch do 

First  Fork !     ...do 


Kettle  Creek West  Branch  Susque- 
hanna River. 


do 
do 
do 
do 


Bald  Eagle  Creek do do  . . . 

Beach  Creek I  Bald  Eagle  Creek do  . . . 

Fishing  Creek i do do 

Spring  Creek _ ..do do  ... 

Pine  Creek West  Branch  Susque-    do  ... 

I      hanna  River. 

Big  Larrys  Creek ' do do  _-. 

Lycoming  Creek do ..J do 

o  Measared  by  United  States  Geological  Survey, 

n»  109—00 2 


476 

1,440 

3,030 

3. 040 

«  0,640 

"6,540 

«7,030 

342 

233 
54 
163 
334 
962 
48 
314 
240 
215 

726 
157 
169 
148 
930 

85 
261 
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Drainage  areas  of  Susquehanna  River  and  its  tributaries — Continued. 


StreAm. 


Loyalsock  Creek . 


Tributary  to— 


West  Branch  Susque- 
hanna River. 

do . 


Muncy  Creek 

White  Deer  Creek do  ._ 

ChiUisquaque  Creek do 

Juniata  River Susquehanna  River 


Point  of  meaBorement. 


Mouth 


do 
do 
do 


Do. 

Do._ 

Do 

Do 

Raystown  Branch . . 

Do 

Frankstown  Branch . 

Do 

Do 

Do 

Do 

Do . 

Do  

Do... 

Do 

Do 

Do 

Do 

Do 

Do 

Standingstone  Creek 
Shavers  Creek. 
Little  Juniata  River. 

Do 

Do 
Spruce  Creek 
Bald  Eagle  Creek 
Great  Aughwick 
ELiBhaooquillas  Creek 
Jacks  Creek 
Tu0carora  Creek 


do 

do 

do 

do 

Juniata  River 
do - 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


Frankstown  Branch 
do 


Junction  of  and  in- 
cluding  its  two 
branches. 

Newton  Hamilton . . . 

Lewistown  dam 

Newport 

Mouth 

Hopewell 

Mouth 

Holidaysburg 

Crooked  dam 

Threemile  dam 

Williamsburg 

Mud  dam 

Smokers  dam 

Donnellys  dam 

Willow  dam 

Water  Street  dam  . . . 

Alexandria 

Little  Juniata 

Pilars  dam 

Huntingdon  dam 

Mouth 

do 

do 


ia5 

40 
119 

1,842 


2.270 
2.5^0 
«8,4^iiO 
03,530 
568 
909 
129 
249 
273 
279 
383 
833 
342 
847 
856 
860 
874 
750 
759 
933 
129 
45 
154 


o  Measured  by  United  States  G^eok>gical  Survey. 
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SUSQUEHANNA  RIVER  BELOW   WEST  BRANCH. 

Susquehanna  River  is  joined  by  the  West  Branch  at  Sunbury, 
Northumberland  County.  Below  this  point  the  river  drains  an  area 
of  9,230  square  miles.  It  flows  nearly  south,  between  Northumberland, 
Dauphin,  and  Lancaster  counties  on  the  east  and  Snyder,  Juniata, 
Perry,  Cumberland,  and  York  counties  on  the  west,  passing  then  into 
Maryland,  where  it  flows  between  Cecil  County  on  the  east  and  Har- 
ford County  on  the  west,  and  empties  into  Chesapeake  Bay  at  its 
northern  extremity. 

Below  the  mouth  of  the  West  Branch  the  fall  becomes  more  irregu- 
lar than  above,  and  there  are  rapids  where  the  stream  flows  over  a 
rocky  bottom.  In  the  lower  part  of  its  course  from  Marietta  to  Havre 
de  Grace  the  river  occupies  a  deep  valley,  varying  in  width  from 
a  few  hundi'ed  ^'^ards  to  more  than  2  miles,  and  on  either  shore  it 
is  for  the  most  part  bounded  by  rocky  bluffs  surmounted  by  a  table- 
land 100  to  500  feet  above  the  stream.  The  channel  is  in  many  places 
filled  with  small  rocky  islands,  some  of  which  are  cultivated.  Pis.  I, 
5,  and  VIII  show  typical  views  of  this  part  of  the  river. 

The  fall  of  the  main  river  is  rapid.  Its  elevation  at  the  mouth  of 
the  West  Branch  is  about  400  feet  above  mean  sea  level  at  Havre  de 
Grace.  The  distance  between  this  point  and  Havre  de  Grace  is  about 
125  miles,  hence  the  mean  slope  of  the  main  river  is  nearly  3^  feet 
per  mile.  The  slope  is,  however,  extremely  variable,  being  over  5 
feet  per  mile  in  the  lower  40  miles  and  about  2^  feet  per  mile  in  the 
upper  40  miles.  The  change  in  slope  takes  place  as  the  river  passes 
from  the  Allegheny  Mountain  and  the  Allegheny  Valley  regions  to  the 
Piedmont  Plateau  region. 

The  tables  on  pages  207-210  give  the  elevation  of  the  river  and  its 
branches  at  various  points,  and  Pis.  XXVIII  and  XXIX  show  their 
profiles. 

This  part  of  the  river  is  described  by  Prof.  H.  D.  Rogers  as  follows :« 

Between  Northnmberland  and  the  Kittatinny  Valley  the  river  leads  ns  through 
many  striking  scenes.  It  is  studded  with  many  little  islands,  most  of  which  are 
covered  with  trees  or  bnshes  to  the  water's  edge,  and  it  is  here  a  wide  and  majestic 
river,  flowing  alternately  for  long  reaches  across  highly  cultivated  belts  of  coun- 
try and  i>a8t  the  ends  of  steep  and  rugged  mountains.  Passing:  out  from  the 
mountains  it  traverses  a  beautiful  country  in  the  Kittatinny  Valley,  dividing 
Dauphin  from  Cumberland  County.  Quitting  the  limestone  valley  the  river 
next  traverses  the  red-shale  belt,  between  the  villages  of  Highspire  and  Bain- 
bridge,  crossing  a  rather  monotonous  country,  except  at  the  Conewago  Falls,  or 
rapids,  where  numerous  hard  trap  dikes  impede  its  course  and  cause  it  to  rush  in 
wild  tumult,  by  deep  and  dangerous  sluices,  for  a  long  distance  between  black 
and  jutting  reefs.  At  Chickies  Ridge,  1  mile  above  Columbia,  the  river  leaves 
the  smoother  country  and  passes  between  a  range  of  high  and  picturesque  crags. 
With  two  or  three  intermissions,  caused  by  the  softer  limestone  valleys  which  it 
next  crosses,  it  runs  the  whole  way  thence  to  the  vicinity  of  Port  Deposit,  or 
nearly  to  the  Chesapeake  Bay,  between  steep  naked  and  half  naked  hillsides,  rising 

"  Geol,  PennRylvania,  p.  49. 
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from  200  to  400  feet  above  its  channel.  In  some  parts  of  this  long  reach,  as  at 
Washington  Borough,  the  river  is  greatly  dilated  and  is  filled  with  rocky  islands 
and  projecting  reefs.  In  other  localities  its  mgged  banks  approach,  and  the  river 
rushes  with  tremendous  force,  especially  during  freshets,  through  these  deeper 
gorges.  The  traveler,  who  finds  only  a  rough  and  very  toilsome  path  along  its 
eastern  shore  from  Turkey  Hill  to  Port  Deposit,  a  distance  of  more  than  30  miles, 
will  choose  to  descend  it  by  its  right  bank  along  the  towpath  of  the  canal.  He 
will  pass  an  almost  unbroken  succession  of  interesting  rocky  scenes,  affording 
much  geological  instruction,  and  he  will  witness  many  beautiful  bits  of  river  per- 
spective, but  he  will  find  himself  pent  in  all  the  way  between  the  bold  river  hills. 

The  principal  tributary  below  the  West  Branch  is  the  Juniata,  which 
has  its  source  in  Bedford,  Blair,  and  Somerset  counties,  Pa.,  at  an  ele- 
vation of  about  2,000  feet  above  sea  level.  The  divide  between  it« 
waters  and  those  of  the  Ohio  attains  in  places  a  height  of  nearly  2,8(K) 
feet.  The  valley  of  the  stream  is  narrow  and  the  banks  are  jjjenerally 
high.  The  stream  has  a  number  of  both  large  and  small  tributaries. 
Doctor  Rogers  describes  the  Juniata  as  follows:* 

This  second  great  tributary  of  the  Susquehanna  has  two  chief  upiwr  divisiona, 
the  Frankstown  and  the  Raystown  branches,  both  of  which,  like  the  main  stream 
below  their  junction,  traverse  much  beautiful  scenery.  We  will  trace  the  Franks- 
town  Branch  as  that  which  is  most  accessible.  After  gathering  its  headwaters 
from  the  eastern  slope  and  the  foothills  of  the  Allegheny  Mountains  it  begins  to 
assume  the  volume  of  a  small  river  near  Frankstown.  Below  this  point  it  first 
passes  the  cove  of  the  Lock  Mountain,  a  curious  district  of  conical  hills,  in  struc- 
ture like  the  Muncy  Hills  of  the  West  Branch.  Its  course  is  now  by  a  wild  and 
rocky  gorge  through  the  Lock  or  Canoe  Mountain  into  Canoe  Valley.  Winding 
northeastward  through  this  valley  it  next  goes  through  Tusey  Mountain  into 
Hart  slog  Valley  by  an  interesting  curving  pass  of  the  form  of  the  letter  S.  The 
mountain,  which  consists  of  two  ridges,  is  trenched  along  its  center  for  the  pas- 
sage of  the  river,  and  the  western  ridge  is,  moreover,  breached  at  Water  street  by 
a  lateral  not?h,  which  gives  passage  to  a  small  tributary  stream  and  heightens 
much  the  pi^'turesqueness  of  the  place,  which  is  further  enhanced  by  a  great  stone 
slide  covering  the  ends  of  the  mountain.  Crossing  Hartslog  Valley  it  next  trav- 
erses Warrior  Ridge,  passing  by  the  Pulpit  Rocks.  Emerging  from  the  Warrior 
Ridge  and  deflecting  more  toward  the  east  it  crosses  the  Huntingdon  Valley  and 
passes  by  the  northern  end  or  knob  of  Terrace  Mountain  or  Slideling  Hill,  receiv- 
ing first  the  Raystown  Branch,  which  nearly  doubles  the  volume  of  its  waters. 
Here,  bending  southward,  it  follows  a  picturesque  gap  through  Stone  Ridge,  and 
turning  more  eastward  it  presently  enters  the  deep  cleft  in  Jacks  Mountain  calle<l 
**  Jacks  Narrows,"  upon  the  western  side  of  which  the  mountain  is  covered  with 
a  great  stone  slide  or  field  of  naked  angular  blocks  of  sandstone,  which  imparts  a 
most  desolate  aspect  to  the  pass,  especially  when  the  forest  is  not  in  leaf. 

On  emerging  from  Jacks  Narrows  the  river  crosses  a  succession  of  open  valleys 
divided  by  narrow  ridges  until  it  meets  the  base  of  Blue  Ridge  in  Sugar  Valley. 
There  it  makes  a  great  loop,  turning  in  an  oxbow  backward  till  it  reaches  Newton 
Hamilton,  where  it  fiows  with  many  large  sinuosities  longitudinally  through  the 
Juniata  or  Lewistown  Valley  to  the  deep  synclinal  ravine  called  the  **  Long  Nar- 
rows," formed  by  the  near  approach  of  the  Blue  and  Shade  mountains.  The 
Long  Narrows  of  the  Juniata  is  a  narrow  trough  between  mountain  ridges,  deeply 
trenched  on  their  flanks  and  thickly  clothed  with  timber  on  their  lower  slopes  and 
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at  their  base,  and  overspread  nearer  their  snmmits  with  extensive  sloping  8he(*ts 
of  dark-gray  angular  blocks.  The  pass  is  7  miles  long  and  is  one  of  the  wildest  and 
most  impressive  within  the  mountains.  At  the  eastern  end  of  the  Long  Narrows 
the  river  turns  southeast wartl  and  winds  between  hills  and  valleys  across  the 
country  to  the  base  of  the  Tuscarora  Mountain,  passing  Mifflintown,  Mexico,  and 
other  villages.  Below  Kew  Mexico  it  sweeps  the  base  of  the  Tuscarora  Mountain 
for  several  miles,  until  it  turns  abruptly  across  its  eastern  end  a  mile  northwest  of 
Millerstown.  Below  Millerstown  the  river  crosses  the  Wildcat  and  Buffalo  val- 
leys, washing  the  end  of  the  Buffalo  Moxmtain.  Pursuing  its  course,  the  Juniata, 
after  making  two  or  three  bends,  flows  through  a  belt  of  hills  called  the  ''  Half- 
Fall  Mountain,"  where,  as  at  nearly  all  its  passes  through  the  larger  sandstone 
ridges,  it  is  impeded  by  ledges  of  hard  strata  and  thrown  into  ripples  or  rapids. 
From  the  Half -Fall  Rapids  it  flows  between  steep  but  low  cliffs  and  hills  for  about 
4  miles  farther,  to  its  entrance  into  the  main  Susquehanna  at  Duncans  Island, 
having  followed  a  winding  course  entirely  across  the  central  zone  of  the  Appa- 
lachian chain  through  a  distance  of  nearly  200  miles. 

SUSQUEHANNA  RIVER  ABOVE   WEST  BRANCH. 

This  portion  of  the  stream  and  its  tributaries  drain  an  area  of  about 
11,140  square  miles,  of  which  6,080  are  in  New  York  and  5,(M)0  in 
Pennsylvania.  It  rises  in  Otsego  Lake,  in  Otsego  County,  N.  Y., 
which  is  about  7^  miles  long  and  H  miles  wide,  and  has  an 
elevation  of  about  1,193  feet  above  sea  level.  It  flows  in  a  south- 
westerly direction  through  Otsego,  Chenango,  and  Broome  counties, 
X.  Y.,  into  Susquehanna  County,  Pa.  It  then  flows  in  *a  westerly- 
northwesterly  direction  through  this  county  and  again  enters  New 
York  and  takes  a  westerly  course  through  Broome  and  Tioga  coun- 
ties to  near  the  western  boundary  of  Tioga  County,  where  it  turns 
south  and  enters  Pennsylvania.  Before  leaving  New  York  its  volume 
is  rapidly  swelled  by  man}'^  large  tributaries.  After  entering  Pennsyl- 
vania the  second  time  it  flows  through  Bradford,  Wyoming,  Luzerne, 
Columbia,  Montour,  and  Northumberland  counties  to  it^s  junction  with 
the  West  Branch,  above  Sunbury. 

This  portion  of  the  drainage  basin  is  varied  in  character.  In  New 
York  it  is  a  rolling  and  sometimes  rather  broken  country,  forming  the 
plateau  bounding  the  mountain  region  on  the  north.  The  stream  lias 
a  very  uniform  declivity  in  this  part  of  its  course  and  offers  compara- 
tively little  power.  Its  bed  is  gravel  or  sand,  with  an  occasional 
rocky  ledge.  Its  banks  are  moderately  high,  shelving,  and  are  sub- 
ject to  overflow  only  in  extreme  freshets. 

After  it  enters  Pennsylvania  it  flows  through  the  mountain  regions, 
and  its  course  is  in  many  places  tortuous  as  it  winds  along  the  paral- 
lel ranges  of  hills.  In  general,  however,  its  fall  is  gradual,  its  bed 
being  composed  mostly  of  drift  materials — gravel,  sand,  and  bowl- 
ders. The  banks,  as  in  New  York,  are  generally  high  and  are  seldom 
overflowed,  although  the  river  has  an  extreme  rise  of  as  much  as  30 
feet. 

In  this  portion  of  the  drainage  area  is  located  the  great  Lackawanna 
and  Wyoming  coal  basin,  and  J.  II.  Dager  reported  upon  this,  in  sub- 
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stance,  as  follows: "  This  basin  extends  from  Nanticoke  on  the  south- 
west, where  the  river  emerges  from  the  Coal  Measures,  t»o  Carbondale 
on  the  northeast.  It  is  about  50  miles  in  length  and  averages  3^  miles 
in  width.  It  is  surrounded  by  the  Allegheny  Mountains,  which  are 
composed  of  the  Catskill  formation  and  rocks  of  the  Carboniferous 
system. 

In  this  vicinity  there  are  several  workable  seams  of  coal,  ranging 
from  3  to  14  feet  in  thickness  and  at  depths  varying  from  nothing  to 
800  feet.  These  seams  are  from  10  to  200  feet  apart  vertically,  and 
are  underlain  by  sandstone  and  fire  clay. 

From  the  outcrop  of  the  Coal  Measures  just  above  Pittston  to  the 
New  York  State  line  the  country  is  traversed  by  long,  narrow,  parallel 
ranges  of  mountains  whose  axes  are  nearly  at  right  angles  to  the  gen- 
eral dii'ection  of  the  river.  At  bends  on  the  convex  side  there  rise 
from  the  shore  abrupt  cliffs  from  200  to  400  feet  in  height,  opposite 
which,  with  one  or  two  exceptions,  are  gently  sloping  cultivated  lands. 

Professor  Rogers  refers  to  this  portion  of  the  river  as  follows:  * 

That  portion  of  the  Susquehanna  River  which  flows  near  the  northern  boundary 
of  the  State  passes  from  its  sharp  elbow,  called  the  ''  Great  Bend/'  to  the  mouth 
of  its  affluent,  the  Chemung  River,  through  a  charming,  broad  valley,  bounded 
by  soft  slopes  terminating  in  wide,  table-shaped  hills.  It  is  a  fertile  and  very 
beautiful  district,  and  with  its  westward  extension,  the  plain  of  the  Chemung 
River,  is  rapidly  becoming  one  of  the  most  attractive  agricultural  districts  of 
New  York.  From  the  mouth  of  the  Chemung  River  to  Pittston,  where  the  river 
suddenly  turns  at  a  right  angle  on  entering  the  Wyoming  coal  field,  it  flows,  with 
many  bendings,  along  a  deep  and  picturesque  valley,  almost  identical  in  its  fea- 
tures with  that  o'  the  corresi)onding  stretch  of  the  Delaware,  the  main  difference 
being  that  the  bed  of  the  valley  is  wider  and  the  hillsides  confining  it  less  moun- 
tainous. From  the  mouth  of  the  Lackawanna,  at  Pittston.  where  it  enters,  to 
Nanticoke,  where  it  leaves  the  beautiful  Wyoming  Valley,  the  scenery  along  the 
river  is  wholly  different.  It  flows  through  a  broad  and  almost  perfectly  level, 
smooth  plain— the  Wyoming  and  Kingston  flats— composed  of  a  deep  bed  of  dilu- 
vium or  drift.  On  either  side  of  this  plain  rise  the  rolling  hills  of  the  coal  basin, 
and  behind  these  the  long,  gentle  slopes  of  the  high  mountain  barriers,  which 
frame  in  the  whole  scene.  At  Nanticoke  the  river  turns  abruptly  northward  out 
of  the  coal  Imsin,  through  its  steep  barrier,  by  a  highly  picturesque  pass,  and  then 
sweeps  again  as  suddenly  westward  to  run  for  several  miles  in  a  closely  confined 
trench  b?tween  the  outer  and  the  inner  ridges  of  the  basin.  It  does  not,  however, 
run  round  the  western  end  of  this,  but  at  the  ravine  of  the  Shickshinny  turns 
suddenly  southward  and  cuts  across  its  point,  leaving  a  high,  isolated  hill  of  the 
coal  strata  on  its  western  or  right-hand  side.  Disengaging  itself  by  a  fine  pass 
from  the  southern  barrier  of  the  coal  basin,  it  passes  out  into  an  open  valley  and 
makes  another  rectang^ilar  bend,  to  rim  once  more  toward  the  west,  parallel  with 
the  Nescopeck  Mountain,  which  it  follows  to  the  neighborhood  of  Gatawissa. 
Beyond  this  point  it  maintains  its  general  course  westward,  somewhat  south* 
parallel  with  the  southern  base  of  Montour  Ridge,  all  the  way  to  Northumber- 
land, where  it  is  joined  by  its  great  tributary,  the  West  Branch.  In  some  portions 
of  this  long  reach  of  the  river  the  scenery  adjoining  it  is  uncommonly  rich  and 
pleasing.  A  remarkably  fine  view  up  the  river  is  presented  from  the  hills  on  its 
west  bank,  a  little  l)elow  the  mouth  of  Fishing  Creek. 


a  Ann.  Rept.  Chief  of  EnfirineerH,  U.  S.  Army,  1884,  pt.  1,  p.  873.     oGeol.  Pennsylvania,  p.  4«. 
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WEST  BRANCH  OP  8USQUBHANNA  RIVER. 

The  drainage  basin  of  the  West  Branch  has  an  area  of  approxi- 
mately 7,030  square  miles,  all  of  which  is  in  Pennsylvania.  The 
West  Branch  has  its  sources  in  the  mountains  of  Cambria  County  at 
an  elevation  of  not  less  than  2,000  feet  above  sea  level.  It  flows  flrst 
in  a  northward  direction,  reoeiving  some  tributaries  from  Indiana 
County  on  the  west,  into  Clearfield  County.  Gradually  bending  to 
the  right,  it  flows  northeast  between  Center  and  Clinton  counties, 
east  through  Clinton  and  Lycoming  counties,  and  south  between 
rnion  and  Northumberland  to  join  the  main  stream  above  Sun- 
bury,  Pa. 

The  watershed  of  this  stream  occupies  the  high  table-lands  of  the 
north-central  part  of  Pennsylvania.  The  crest  of  the  watershed  has 
an  elevation  of  from  500  to  1,200  feet  above  sea  level  in  the  vicin- 
ity of  the  junction  of  the  West  Branch  and  the  main  stream,  in- 
creasing to  about  2,200  feet  at  its  southwestern  part;  thence  along 
its  western  side  it  maintains  this  latter  elevation  to  its  northern  line, 
where,  in  the  northern  part  of  the  Pine  Creek  basin,  it  attains  an 
elevation  of  over  2,600  feet.  Along  the  remainder  of  the  northern 
crest  the  height  quickly  falls  to  about  1,200  feet,  but  rises  again  to 
about  2,000  feet  along  the  eastern  crest  of  the  divide.  The  highest 
points  in  the  State  are  along  the  crest  of  this  watershed. 

As  far  up  as  Queens  Run  the  fall  of  this  branch  is  comparatively 
small,  while  above  that  point,  in  the  mountain  region,  it  is  much 
greater.  Furthermore,  the  banks  of  both  the  stream  and  its  tribu- 
taries above  Queens  Run  are  generally  high,  and  there  are  few  low 
grounds  subject  to  overflow.  Below  Queens  Run  the  river  traverses 
a  wide,  fertile  valley,  without,  however,  overflowing  its  banks  to  any 
considerable  extent.  The  bed  of  the  river  is  generally  gravel  and 
sand,  with  a  rodky  ledge  at  places.  In  former  years  this  portion  of 
the  drainage  was  largely  used  by  lumbermen  for  floating  logs.  On 
most  of  the  streams  splash  dams  were  built,  sometimes  flooding  con- 
siderable areas,  and  serving  to  hold  the  logs  which  were  sent  down 
until  a  sufficient  number  were  collected.  The  gates  in  the  dam  were 
then  raised,  letting  the  water  out  suddenly,  so  that  the  logs  were  car- 
ried down  on  the  swell  or  wave  to  the  next  dam  or  to  the  main  river, 
where  the  natural  current  would  be  sufficient  to  carry  them  along. 
As  the  forest  areas  are  now  largely  cut  off,  but  very  little  logging  is 
done  either  on  this  or  other  portions  of  the  river. 

Professor  Rogers  describes  this  branch  of  the  river  as  follows:^ 

The  upper  part  of  the  West  Branch  of  the  Susquehamia,  and  also  its  tribnta- 
ries,  the  Sinnemahoning,  Kettle  Creek,  Pine  Creek,  etc.,  draining  the  high  plateau 
northwest  of  the  Allegheny  Mountains,  flow  through  deep  trenches  in  the  hori- 
zontal strata,  very  analogous  in  their  features  to  those  which  give  passage  to  the 
Delaware  and  the  Main  or  North  Susquehanna,  in  the  northeastern  part  of  the 
State.    From  the  mouth  of  the  Sinnemahoning  out  into  the  Bald  Eagle  Valley, 
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the  river  hills  are  very  high  and  steep,  and  admit  extremely  narrow  strips  of 
ground  between  their  feet  and  the  river,  except  near  the  openings  of  the  lateml 
streams.  The  trough  through  which  the  lower  half  of  Pine  Creek  flows  is  equally 
profound.  Entering  the  valley  between  the  Allegheny  Mountains  and  the  Bald 
Eagle  ridge,  the  river  pursues  a  beautiful  winding  course  the  whole  way  from 
Lockhaven  to  the  neighborhood  of  Muiicy,  alternately  sweeping  toward  the 
middle  of  the  pultivated  valley  and  back  again,  close  in  to  the  base  of  the  stet'i) 
and  wood-covered  ridge.  Near  Muncy  it  turns  with  a  broad  majestic  cnrv«' 
round  the  end  of  the  Bald  Eagle  Mountains,  and  in  a  few  miles  deflects  from  a 
southwest  to  a  west  course,  through  a  highly  fertile,  richly  cultivated  open 
country,  till  it  strikes  the  base  of  the  Blue  Hill,  or  range  of  red  sandstone  cliffs 
above  Northuml>erland.  Southwest  of  Muncy  the  river  crosses  a  singular  belt 
of  deeply  eroded  country,  full  of  conical  hills. 

NAVIGATION. 

Information  in  reji;ard  to  navipition  along  Susquehanna  River  ami 
its  tributaries  is  now  only  of  historical  interest.  The  official  records  <ir 
Pennsylvania  and  other  papers  published  during  the  early  part  of  tin* 
century  show  that  from  the  first  settlement  Susquehanna  River  aii<l 
its  tributaries  were  regarded  as  a  possible  means  of  navigation. 

In  this  relation  the  following  quotation  from  Dager's  report  is  of 
interest :  ^ 

General  Sullivan,  to  punish  the  Six  Nations,  late  in  August,  1770,  organized  a 
force  of  3,000  men  and  moved  north  from  Wyoming,  the  artillery  and  stores 
being  drawn  up  the  North  Branch  in  150  boats.  At  Tioga  he  was  joined  by  Gren- 
eral  Clinton  with  1 ,000  New  York  troops.  The  latter  had  marched  from  Albany 
to  Otsego  Lake,  where,  finding  the  water  too  low  to  flo  .t  his  bateaux,  he  built  a 
dam  across  the  stream,  by  which  the  lake  was  raised  several  feet,  and  when  the 
dam  was  cut  away  the  discharge  wave  floated  his  boats  down  to  Tioga. 

The  Indians  fled  in  dismay  at  the  sight  of  a  flood  in  the  midst  of  the  summer 
drought,  believing  it  a  signal  of  the  displeasure  of  the  Great  Spirit.  From  this 
might  be  inferred  that  Otsego  Lake  could  be  made  a  reservoir  to  pay  tribute  to 
the  river  when  there  was  an  insufficient  flow. 

On  March  9,  1777,  an  act  was  passed  declaring  Sul^quehanna  River 
a  public  highway  as  far  down  as  Wrights  Ferry,  and  later  on,  March 
31,  1785,  the  whole  river  through  Pennsj'lvania  was  declared  a  public 
highway.  An  appropriation  of  £6,200  was  made  as  early  as  April  11, 
1791,  for  the  improvement  of  the  navigatiou  of  Susquehanna  River. 
Other  appropriations  were  made  from  time  to  time  and  active  canals 
were  maintained  from  Havre  de  Grace  to  the  New  York  State  line, 
on  the  West  Branch  from  Northumberland  to  Lock  Haven,  and  on 
the  Juniata  from  Juniata  Junction  to  Holiday sburg. 

Between  1800  and  1830  several  plans  were  proposed  for  connecting 
Susquehanna  River  with  the  Great  Lakes  and  with  Mississippi  River. 
Nothing,  however,  came  of  any  of  these  projects,  and  with  the  com- 
ing of  the  railroads  the  canals  were  gradually  abandoned,  being  in 
most  cases  bought  by  the  railroad  comi)anies.  The  North  Branch 
extension,  from  the  New  York  State  line  to  Pittston,  was  abandoned  in 
1868  or  1869.     The  canal  from  Pittston  down  was  used  more  or  less 
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until  the  fall  of  1S74,  but  the  high  floods  of  the  spring  of  1875  caused 
so  much  damage  that  no  boat«  were  run  after  that  date  almve  Wiikes- 
l>arre.  The  L.i(*ka\vanna  Canal  served  as  a  feeder  for  tlie  Wilkes- 
l)arre  Branch  until  the  spring  of  1882,  when  it  was  abandoned  to  the 
Nantieoke  dam.  The  canals  below  Sunbury  were  abandoned  about 
18110. 

MEA8URKMENTH  OF  FLOW. 

The  records  of  the  measurements  of  flow  in  the  Susc^uehanna  drain- 
age have  been  divided  into  two  classes:  First,  those  at  regular  sta- 
tions, where  systematic  observations  have  been  carried  on  over  a 
series  of  years;  second,  those  at  miscellaneous  stations,  which  consist 
of  short  or  broken  series  of  observations.  There  have  been  nine  reg- 
ular stations  maintained,  as  given  in  the  following  list: 

G(Mging  stations  in  the  Susquehanna  drainage  basin. 


1 

1 

stream. 

Location. 

Date  estahliahed. 

EstabUshed  by- 

A 

B 

Snsqnehanna.. 
ChenanfiTD 

Binghamton,  N.  Y.... 
do 

Aug.     1,1901 

...     do 

Mar.   30,1899 
Mar.   25,1899 
Mar.     4,1895 
Mar.   25,1899 

Mar.   21,1899 
Mar.  21,1890 
May    17,1902 

United  States  (Geo- 
logical Survey, 

Do. 

C 

Bn^iif^hapna 

Wilkesbarre,  Pa 

Danville,  Pa 

Do. 

D 

do 

West  Branch.. 
do 

Jtmiata 

Do. 

F. 

G. 
H 

Williamaport,  Pa 

Allenwood,  Pa 

Newjwrt,  Pa 

Harrisbnrg.  Pa 

McCallfl  Ferry.  Pa 

City  engineer. 

United  States  Geo- 
logical Survey. 

Do. 

Water  board. 

I.. 

do 

Gary    T.    Hutchin- 
son. 

The  locations  of  these  stations  are  shown  on  fig.  1  (p.  11)  by  the 
letters  in  column  1  of  the  above  table. 
Miscellaneous  records  have  been  collected  at  the  following  points : 

Chemting  River  at  ChemnDg,  N.  Y. 

Tionghnioga  River  at  Chenango  Forks,  N.  Y. 

Caynta  Creek  at  Waverly,  N.  Y. 

Chenango  River  at  Oxford,  N.  Y. 

Eaton  and  Madison  creeks. 

Diversions  from  Chenango  River  drainage. 

The  following  pages  give  the  data  which  have  been  collected  at 
both  regular  and  miscellaneous  stations,  also  the  results  of  the  com- 
putations based  upon  these  data. 

SUSQUEHANNA  RIVER  AT  BINGHAMTON,  N.  Y. 

This  gaging  station  was  established  by  R.  E.  Horton  July  31,  1901. 
The  gage  is  located  on  the  upstream  side  of  the  left  span  of  the 
Washington  street  bridge.  The  bench  mark  is  a  chiseled  draft  on 
the  corner  of  the  left  abutment  on  the  upstream  side.     Its  elevation 
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is  23.71  feet  abpve  gage  datum.  This  bridge  is  located  about  800  feet 
upstream  from  the  junction  of  Chenango  and  Susquehanna  rivers. 
A  rift  extends  diagonally  across  the  stream  underneath  the  bridge. 
The  gage  is  above  a  stretch  of  smooth  water  extending  from  the  crest 
of  the  rift  to  the  dam  2,800  feet  upstream,  and  the  gage  readings  are 
not  affected  by  backwater  from  Chenango  River  at  ordinary  stages. 
On  account  of  unfavorable  conditions  of  Washington  Street  Bridge 
discharge  measurements  are  made  at  Exchange  Street  Bridge,  which 
is  1,900  feet  upstream.  At  this  place  the  channel  is  about  300  feet 
wide  at  low  water  and  about  450  feet  wide  at  high  water,  and  is  straight 
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for  about  500  feet  above  and  below  the  bridge.  The  bed  is  naturally 
gravel  and  small  stones.  Formerly  a  wooden  footbridge  was  located 
at  this  point,  and  the  channel  was  divided  into  three  parts  by  two 
piers.  Large  stones  were  piled  around  the  piers.  At  present  a  steel 
bridge  occupies  this  site,  and  there  is  but  one  pier,  above  which  are 
two  rows  of  short  piles  and  a  quantity  of  small  stones.  The  upper 
parts  of  the  old  piers  have  been  removed,  but  the  stone  filling  around 
them  remains,  leaving  the  river  bed  irregular  and  rough. 

The  velocity  is  good  at  low  water  and  swift  at  high  water.     The 
lowest  observed  mean  velocity  is  0.72  foot  per  second. 
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Within  the  time  for  which  this  record  has  been  kept,  the  gage 
height  has  ranged  l)etween  1.84  and  19.22  feet,  and  the  estimated 
discharge  between  40()  and  60,300  cubic  feet  per  second. 

Thte  gage  is  read  twice  daily  by  E.  F.  Weeks. 

Discharge  measurements  of  Susquehanna  River  at  Binghamton,  N.  V. ,  190  J-i, 


Date. 


HydroKrapher. 


E.  C.  Murphy . 
do 


do 
.do 
.do 

do 


E.  C.  Murphy . 
....do 


1901. 

Jnlv.S - 

July  10-. 

,lulv30. 

Angrust  90  - - 

August  20   

August  21 

August  22 do. 

August  22 do. 

August  23 ! do 

1902. 

July2_ 

July4. 

July  14 

Augusts _ 

August  4- 

August  15 

August  16 

1903. 

April  7 

May  15 

May  19_ 

Juue  18 

August  22 ... 

Septembers.- ..    do 

October  1 ..   .     H.  H.  Halsey.. 

October  11 C.  C.  Covert. . . 

October  13 j do 

1904. 

March  8 C.  C.  Covert  .. 

March  12 . . .  i do 

April  8 j  R.  E.  Horton.. 

Julyl3 .i  C.  C.  Covert  .. 

September  10 do 


do 
do 
do 
do 
do 


E.  C.  Murphy 

...do 

do 

C.  C.  Covert- . 
do 


^~-     viuSty.     heSS.     Dtoohanr^. 


tiquare 
feet. 

891 
1,020 

H4: 

909 
928 
1,989 
1,439 
1,824 
1,189 

1,790 
1,717 
1,820 
2,187 
1,952 
1,140 
1,103 

1,773 

794 

746 

2,298 

1,241 

544 

889 

6,446 

2,944 

8,975 

2,846 

2,524 

786 

825 


Fret  per 
»erond. 

1.06 
1.40 
.72 
1.04 
1.08 
8.66 
2.61 
2.25 
1.88 

8.26 
8.28 
2.82 
3.95 
3.53 
l.a') 
1.74 

3.35 
.96 
.86 
3.80 
2.07 
1.81 
1.08 
7.71 
4.94 


F>et.     I 
2.12 
2.35 
1.99  I 
2.05 
2.06  > 
4.60 
8.19  _ 
3.90 
2.60 

4.08  ' 

3.90  I 

2.96 

5.  OH  I 

4.59 

2.61 

2.50 

4.18 
2.05 
1.96 
5.25 
2.65 
2.00 
2.14 
16.82 
6.35 


8.58  all. 24 
2.60  «7.90 
4.50  6.94 
1.07  '  2.04 
1.29!      2.18 


Setrmd-feet. 

947 

1,425 

608 

942 

952 

7,244 

3, 752 

2,988 

2,176 

5,839 
5, 230 
3,064 
8,633 
6,902 
2, 105 
1,920 

5, 946 

763 

640 

8,726 

2,572 

948 

962 

49,707 

14,566 

14,254 
7,400 

11,118 

786 

1,061 


a  Ice  gorge  8  miles  below. 
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Mea7i  daily  gage  height,  in  feet,  of  Susquehanna  River  at  Binghamton,  A.  T., 

1901-1904, 


Day. 


2. 

3. 

4. 

5- 

6. 

7. 

8. 

9. 
10- 
11. 
12- 
13- 
14- 
16. 
16- 
17. 
18. 
10. 
80. 
21. 
22. 

2:^. 

24- 
25- 
26. 
27- 

28. 
29- 
30. 
81. 


1. 

2- 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 


14- 
L5- 
16. 
17. 
18. 
19- 
20. 
21. 
22. 
23. 
24. 

2r>. 

26. 
27. 
28. 
29. 
30. 
81. 


1901. 


Jan. 


1902. 


Feb. 


2. 
2. 
2. 
2. 
2. 
2. 
2. 


3.22 
3.89 
3.22 
3.56 
18.22 
3.14 
3.02 
.82 
.66 
,54 
52 
46 
67 
.46 
2.84 
2.82 
2.24 
2.22 
2.42 
2.64 
2.14 
2.66 
4.76 
6.16 
4.22 
o,  •W 
3.14 
3.67 
4.02 
3.34 
2.86 


2.56 
2.54 
2.56 
3.24 
2.96 
2.66 
2.72 
2.74 
2.79 
2.72 
2.84 
2.64 
2.42 
2.34 
2.24 
2.26 
2.19 
2.14 
2.16 
2.16 
2.19 
2.12 
2.24 
2.29 


16 
12 
42 
46 


Mar. 


Apr. 


15.59 

19.22 

17.69 

13.79 

9.19 

6.36 

5.50 

5.34 

5.04 

5.74 

5.60 

7.81 

11.19 

11.94 

10.61 

8.42 

11.82 

11.87 

9.47 

6.82 

6.72 

5.49 

5.61 

5.76 

5.44 

4.92 

4.56 

4.44 

5.:ao 

6.70 
5.53 


5.20 
5.10 
4.87 
4.65 
4.20 


8.90 
8.88 
4.75 
5.40 
5.70 
6.45 
5.08 
4.70 
4.35 
3.97 
3.70 
3.58 
8.37 
8.17 
8.07 
2.97 
2.a5 
2.67 
2.68 
55 
50 
53 
2.63 
2.60 


2. 

2. 
2. 


May. 


June. 


2.«> 
2.85 
2.75 
2.66 
2.65 
2.67 
2.57 
2.63 
2.46 
2.45 
2.86 
2.83 
2.80 
2.80 
2.27 
2.26 
2.25 
2.15 
2.16 
2.15 
2.25 
2.33 
2.36 
2.25 
2.20 
2.37 
2.56 
2.53 
2.47 
2.40 
2.35 


2.35 
2.37 
2.30 
2.63 

8.  or 

2.86 
2.63 
2.67 
2.65 
2.60 
2.47 
2.47 
2.67 
2.67 
2.66 
2.65 
2.53 
2.65 
2.50 
50 
45 
47 
57 
2.50 
2.87 
2.27 
2.37 
2.37 
2.85 
6.96 


2. 
2. 
2. 

2. 


1.91 


5.10 
4.23 
3.60 
3.87 
8.48 
3.97 
4.48 
4.35 
4.00 
4.08 
4.77 
4.37 
8.48 
8.03 
2.75 
2.70 
2.68 
2.66 
2.65 
7.27 
10.90 
11.36 
10.00 
8.90 
8.10 
6.37 
6.40 
7.51 
6.07 
5.00 
6.65 


Aug. 

Sept. 

Oct. 

1.84 

2.21 

2.19 

1.96 

2.16 

2.19 

1.91 

2.16 

2.16 

1.86 

2.21 

2.16 

1.86 

2.18 

2.14 

1.86 

2.16 

2.06 

1.86 

2.06 

2.04 

1.91 

2.04 

1.99 

1.91 

2.04 

2.04 

1.86 

1.96 

1.90 

1.94 

1.98 

2,02 

1.94 

2.06 

1.96 

1.91 

2.04 

1.00 

1.96 

2.01 

2.06 

1.94 

2.08 

2.14 

1.94 

2.16 

2.82 

1.96 

2.21 

2.30 

2.11 

2.36 

2.16 

2.36 

2.26 

2.06 

2.34 

2.24 

8.66 

2.24 

2.24 

2.98 

2.16 

2.26 

2.61 

2.06 

2.24 

4.51 

2.06 

2.10 

8.86 

2.06 

2.14 

8.21 

2.04 

2.00 

2.78 

2.00 

2.06 

2.46 

2.06 

2.36 

2.02 

2.04 

2.26 

2.04 

2.04 

2.31 

2.06 

4.90 

2.18 

4.57 

5.94 

2.18 

4.25 

5.27 

2.18 

8.67 

4.51 

2.15 

8.85 

8.77 

2.18 

2.90 

8.45 

2.07 

2.98 

8.37 

2.05 

2.83 

8.10 

2.10 

2.77 

2.97 

2.07 

2.75 

2.88 

2.25 

2.67 

2.78 

2  25 

2.65 

2.76 

2.25 

2.67 

2.80 

2.28 

2.n 

2.76 

2.16 

2.90 

2.50 

2.16 

2.90 

2.40 

2.10 

2.87 

2.40 

2.05 

2.75 

2.35 

2.05 

2.60 

2.80 

2.05 

2.50 

2.80 

2.00 

2.60 

2.85 

1.96 

2.75 

2.35 

1.95 

2.73 

2.27 

2.00 

2.57 

2.27 

1.97 

2.53 

2.25 

2.00 

2.58 

2.25 

2.85 

2  50 

2.20 

2.63 

2.45 

2.25  ;  2.55 

5.95 

2.27     5.00 

8.80 

2.80 

3.80 

7.16 

2.17 

5.68 

04 
08 
94 
94 
96 
94 
94 
94 
1.92 
1.94 
1.92 
1.96 
2.49 
2.96 
2.79 
2.54 
2.44 
2.42 
2.86 
2.39 
2.89 
2.32 
2.29 
2.71 
8.42 
2.94 
2.52 
2.24 
2.34 
2.80 


4.00 
4.07 
8.70 
8.47 
8.27 
8.18 
8.07 
8.00 
2.83 
2.77 
2.70 
2.66 
2.66 
2.75 
2.67 
2.55 
2.56 
2.58 
2.47 
2.50 
2.45 
2.46 
2.47 
2.45 
2.47 
2.53 
2.70 
2.86 
2.90 
2.83 


X-^OC. 


2.49 
2.49 
2.64 
2.5ii 
2.64 
2.44 
2.:i2 
2.:« 
2.44 
5.21 
6.12 

5.:t» 


4.ft2 
14.  SB 
13.74 
0.21 
5.66 
4.29 
3.46 
2.96 
2.76 
3.74 
4.66 
3.96 
3.32 
8. 36 

2.m 

2.«* 
3.69 
4.06 


2.75 
2.70 
2.8ri 
d.lU 
8.3!) 
8.18 
2.6» 
2.77 
2.7:^ 
2.85 
2.83 
2.95 
2.K^ 
2.67 
2.75 

2.9:} 

7.13 
7.65 
6.70 
5.87 
5.28 
9.45 
10.  (K 
8.dl 
6.d< 

.5.6:; 

4?< 


4. 
4. 

3.KI 

a6u 


HOTT    A3fD 
AXDKESON 
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Mean  daily  gage  height ,  in  feet^  of  Siuquehanna  River  at  Binghamton^  S.  K , 

/«W/-/.9^4~Continued. 


Day. 


Jan.     Feb.    Har.    Apr.;  May.  June.'  July. 


Aug.   8opt.  Oct.  ;  Nor. 


Dec. 


190B. 

1 

3.40 

8.60 

18.98 

6.66 

8.88 

1.86 

a35 

8.66 

6.66 

2.07 

a86 

8.08 

• 

»*-••••••«•••• ...-.k-. 

3.30 

7.80 

10.88 

6.86 

8.27 

1.87 

aoo 

8.43 

6.17 

8.18 

ao7 

8.09 

3 

3.70 

7.83 

7.75 

6.15 

8.25 

1.85 

8.73 

8.80 

4.80 

8.16 

2.96 

8.06 

4 

5.15 

8.27 

6.17 

6.06 

8.86 

1.80 

2.57 

8.25 

a  70 

8.10 

2.85 

2.66 

5 

5.33 

9.00 

6.63 

4.80 

8.83 

1.88 

2.45 

2.60 

8.13 

2.85 

2.68 

« 

4.63 

7.96 

6.43 

4.83 

8.20 

1.80 

8.35 

a  17 

8.85 

a  05 

2.47 

m 

3.88 
3.75 
3.45 

6.35 
5.00 
4.65 

6.80 

6.86 

10.75 

4.17 
4.96 
6.68 

8.17 
2.15 
8.16 

1.77 
1.86 
1.80 

2.27 
8.85 
8.20 

a  25 
a  OB 

8.80 

afo' 

2.67 

8.86 
8.70 
7.97 

a  17 

2.97 
2.85 

2.68 

i< 

2.68 

9 

2.67 

Ill 

6.()6 

483 

10.66 

6.05 

8.10 

1.80 

8.17 

a68 

2.66 

15.49 

2.76 

8.89 

11 

5.65 

4.80 

11.65 

4,70 

8.05 

1.80 

8.13 

8.78 

2.65 

16.35 

2.72 

8.45 

12 

5.98 

6.47 

11.47 

4.40 

8.06 

2.77 

8.10 

8.83  1  8,67 

12.12 

2.67 

8.65 

13 

6.00 

6.(rr 

6.95 
6.07 

9.67 
7.75 

4.  OB 
8.78 

2.05  5.36 

2.06  3.46 

8.10 
8.07 

8.70 
8.60 

2.60 
250 

8.17 
5.99 

2.02 
2.50 

8.66 

U 

a  17 

15 

5.K5 

4.97 

6.65 

4.06 

2.06 

a  08 

8.13 

8.55 

2.37 

6.09 

2.68 

a  88 

16 

5.80 

4.40 

6.08 

3.97 

8.00 

2.63 

8.07 

8.48 

2.30 

4.49 

8.68 

a  18 

17 

5.53 

3.65 

6.66 

a73 

2.00 

2.60 

8.05 

2.33 

2.37 

4.28 

6.70 

8.97 

IH 

5. 10 

3.13 

6.45 

8.47 

8.00 

2.46 

8.10 

2,30 

2.50 

7.55 

6.89 

2.86 

19 

4.00 

3.JW 

6.13 

&88 

8.a) 

2.85 

2.17 

2.27 

2.45 

7.89 

5.45 

2.79 

9) 

4.15 

8.57 

4.75 

8.07 

1.95 

8.30 

8.16 

2.27 

2.46 

6.65 

4.25 

2.68 

a 

4.30 

a75 

4.  SO 

8.90 

1.96 

2.53 

8.83 

2.45 

2.36 

6.47 

a  67 

4.37 

09 

6.53 

8.63 

6.60 

2.77 

1.95 

a  77 

8.26 

2.65 

2.27 

4.82 

a  35 

5.89 

23 

6.63 

8.56 

7.57 

2.70 

1.96 

4.46 

a  50 

2.40 

2.20 

4.25 

a  89 

4.97 

24 

5.63 

8.26 

18.11 

2.66 

1.87 

5.08 

4.66 

8.30 

2.23 

4.02 

a  39 

4.85 

25 

A.m 

8.20 

11.48 

2.60 

1.85 

4.43 

a  43 

8.85 

2.20 

a  02 

ass 

4.06 

28 

4.63 

3.15 

9.20 

2.57 

1.85 

a  97 

2.80 

8.70 

2.15 

a  67 

a  06 

a  79 

27 

4.23 

2.95 

7.15 

2..'K) 

1.87 

a  40 

2.60 

4.13 

2.10 

a  62 

2.87 

a  78 

-» 

4.20 
5.35 

6.80 

6.07 
6.70 

2.46 

2.40 

1.90 
1.90 

2.95 

a  OB 

2.45 
2.86 

a  67 
10.63 

2.10 
2.10 

a  45 
a  45 

2.79 
2.85 

8.45 

a» 

a  57 

•» 

9.68 

6.80 

2.35 

1.87 

a  66 

2.47 

1058 

2.07 

a  42 

2.85 

a  66 

31 

10.23 

6.80 

1.86 

8.70 

8.67 

8.86 

8.76 

1904. 

1 

3.28 

8.67 

8.67 

7.78 

6.06 

8.46 

8.08 

8.40 

8.28 

4.12 

a  08 

8.96 

2 

3.35 

3.40 

8.29 

9.08 

4.63 

2.48 

1.9» 

8.35 

2.85 

a  85 

aoo 

8.88 

3 

«3.42 

aso 

3.98 

4.08 

2.88 

8.14 

8.9K 

2.28 

8.90 

2.98 

8.85 

4 

8.88 

3.67 

6.65 

6.95 

a68 

2.86 

8.14 

2.96 

2.28 

2.  HO 

2.88 

2.70 

5 

8..5£ 

3.55 

8.48 

6.20 

8.51 

2.38 

8.06 

'   2.60 

2.20 

2.68 

2.82 

2.85 

«_ 

3.58 

8.15 

7.68 

6.15 

3.33 

2.41 

2.00 

a52 

8.22 

2.62 

2.80 

2.68 

7 

3.30 

4.42 

7.68 

6.35 

3.13 

2.46 

2.04 

a  40 

2.28 

8.62 

2.98 

2.68 

8 

8.28 

10.49 

11.40 

6.98 

8.98 

2.57 

2.04 

2.72 

2.22 

2.68 

2.90 

2.60 

9 

8.15 
3.80 

11.92 
10.85 

13.62 
12.25 

7.14 
8.74 

8.86 
8.80 

a  67 
4.23 

2.04 
2.04 

2.50 
8.38 

2.88 
8.80 

2.46 
2.42 

2.80 
2.75 

2.60 

Ifl 

2.68 

11 

3.10 

8.62 

9.80 

8.24 

8.60 

a  48 

2.04 

2.50 

8.18 

2.40 

2.75 

2.58 

12 

2.98 

7.15 

8.02 

6.94 

2.65 

2.93 

1.09 

2.46 

2.18 

8.88 

2.75 

2.96 

13 

2.78 
2.72 

6.00 
6.27 

6.88 
6.08 

6.09 
5.61 

2.66 
2.40 

2.65 
2.60 

2.04 
2.08 

2.30 
2.22 

2.20 
2.15 

5.60 
4.68 

2.70 
2.70 

2  SO 

14.. _ 

2.58 

L5 

2.85 

4.77 

5.30 

4.97 

2.59 

2.48 

1.95 

2.20 

aoo 

a  65 

2.68 

2.58 

16 

8.05 

6.18 

4.76 

4.61 

8.22 

2.45 

1.92 

2.28 

a  10 

a  46 

2.70 

2.58 

17 

2.85 

b6.&5 

4.88 

4.49 

8.45 

233 

2.05 

2.22 

2.82 

2.95 

2.78 

2.60 

IH 

8.00 

6.07 

8.85 

4.39 

3.17 

2.33 

2.28 

2.18 

2.55 

2.80 

2.75 

2.48 

19 

2.96 

5.67 

8.56 

4.49 

2.92 

2.23 

2.10 

2.18 

2.42 

2.70 

2.65 

2.00 

20 

3.08 

5.22 

8.92 

4.87 

3.22 

2.17 

2.06 

2.28 

2.35 

2.68 

2.65 

2.40 

21 

8.80 

4.72 

4.46 

4.17 

a  06 

2.20 

1.98 

8.90 

2.30 

5.96 

2.82 

2.45 

22 

2.78 

4.52 

4.30 

3.97 

2.75 

2.13 

2.00 

a  18 

2.;«) 

7.48 

a  58 

2.58 

23 

7.02 

4.92 

7.42 

3.97 

2.67 

2.24 

1.98 

4.55 

2.28 

6.95 

a  72 

2.40 

24 

7.82 

5.72 

11.40 

3.77 

2.59 

2.09 

2.00 

4.20 

2.18 

5.32 

a  55 

2.55 

26 

'•8.27 

5.58 

12.18 

3.79 

2.68 

2.06 

2.08 

a  88 

a  52 

4.40 

a  38 

a  08 

ai 

6.86 

4.67 

15.98 

3.96 

2.52 

2.08 

8.02 

2.92 

a  25 

4.40 

a  32 

a  15 

27 

5.95 
5.25 

4.19 
3.76 

15.70 
18.62 

3.98 
5.83 

2.49 
2.45 

1.99 
1.99 

2.05 
2.52 

2.78 

a  22 
2.85 

4.85 
a  92 

a  18 

2.90 

3.40 

28 

8.80 

29 

4.42 

3.67 

8.50 

6.36 

2.36 

2.04 

2.58 

2.48 

2.65 

a  65 

2.78 

9.60 

«l 

4.27 

6.90 

5.63 

2.36 

1.99 

a  12 

2.88 

2.80 

a  42 

2.88 

7.05 

31 

3.80 

•  -  •  •  •  • 

6.72 

2.36 

2.65 

2.35 

a  18 

5.25 

o  Anchor  ice.    January  6  river  frozen  nearly  acrom. 

^  Heavy  anchor  ice.    Rirer  frozen  over  2,000  feet  downstream  from  junction  of  the  two  rivers. 
Ice  gorge  causes  backwater  March  4~16. 
e  Correfnt  of  stream  very  sluggish. 
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HYBBOGEAPHY    OF   SUSQUEHANNA    BASIN. 


[HO.    lOO. 


Bating  table  for  Susquehanna  River  at  Binghamton,  N,  F.,  for  1901  to  1904, 

inclu9we. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
hel^t. 

1 
Discharge. 

Gage 
height. 

Discharge. 

• 

Ghige 
height. 

Discharge. 

Feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.75 

210 

3.9 

5,255 

7.2 

15,260 

11.6 

80,860 

1.8 

315 

4.0 

5, 510 

7.4 

15,920 

11.8 

81.580 

1.9 

526 

4.1 

5,770 

7.6 

16,590 

12.0 

82,300 

2.0 

740 

4.2 

6,080 

7.8 

17, 270 

12.2 

38,020 

2.1 

960 

4.3 

6,800 

8.0 

17,950 

12.4 

88,740 

2.2 

1,180 

4.4 

6,570 

8.2 

18,650 

12.6 

84,470    ; 

2.8 

1,400 

4.5 

6,845 

8.4 

19,350 

,     12.8 

85,210 

2.4 

1,626 

4.6 

7,125 

8.6 

20,060 

13.0 

85, 950 

2.5 

1,855 

4.7 

7,405 

8.8 

20,780 

18.5 

37,820 

2.6 

2,085 

4.8 

7,690 

9.0 

21,500 

14.0 

39,720     ' 

2.7 

2,315 

1      4.9 

1 

7,980 

9.2 

22, 220 

14.5 

41,650 

2.8 

2,545 

5.0 

8,280    1 

1 

9.4 

22,940    1 

15.0 

48,600     . 

2.9 

2,785 

5.2 

8,880 

9.6 

28,660 

15.5 

46, 550 

8.0 

3,025 

5.4 

9,495 

9.8 

24,880 

16.0 

47,500 

3.1 

3,265 

5.6 

10,120 

10.0 

25,100 

16.5 

49, 500     1 

3.2 

3,505 

5.8 

10,760    ' 

10.2 

25,820 

17.0 

51,500 

8.3 

3,755 

;      6.0 

11,400 

10.4 

26,540 

17.5 

53,500 

3.4 

4,005  ; 

6.2 

1 

12,040 

10.6 

27,260 

18.0 

56.500 

8.5 

4,255 

6:4 

12,680 

10.8 

27,980 

18.5 

57, 500 

3.6 

4,505 

6.6 

18, 820 

11.0 

28,700 

19.0 

59, 500 

3.7 

4,755 

6.8 

18,960 

11.2 

29,420 

19.5 

61,500 

8.8 

5,005 

7.0 

14,600 

11.4 

80,140 

i 

20.0 

63,500 

Mean  daily  discharge,  in  second-feet,  of  Susquehanna  River  at  Binghamton, 

N,  Y. ,  1901-1904. 


Day. 


Jan. 


1901. 


2 
8 
4 

6 
6 
7 
8 
9 
10 
11 

U 
16 
16 
17 
18 
19 
8U 
81 
2» 


Apr. 


May.   June.    July.     Aug 


Sept. 


890 
962 
546 
441 
441 
441 
441 
546 
546 
441 
009 
009 
546 
652 
609 
600 
662 
968 
1,092 
872 
4,680 
2.977 


1,180 

1,180 

8fiO 

1,070 

laso 

784 

1,070 

1,070 

609 

1,180 

1,070 

609 

1,136 

1.070 

662 

1,070 

860 

609 

850 

860 

(109 

860 

718 

600 

860 

860 

667 

652 

ns 

600 

006 

784 

567 

860 

6se 

652 

860 

718 

1,855 

740 

860 

2,005 

916 

1,070 

8,545 

1,070 

1,444 

1,970 

1,180 

1,685 

1,740 

1,510 

1,458 

1,671 

1,510 

1,290 

1,510 

1.510 

1,290 

1,685 

1,200 

1,290 

1,685 

1,070 

1,200 

1,444 

Dec. 


1,866 
1,866 
2,800 
1,970 
2.800 
1,740 
1,444 
1,510 
1.740 
8,880 
11.780 
9,185 
8,665 

7,ir» 

43,810 
82.280 

io.a«i 

6,:«n 

4.19(1 
8,905 
2.4.30 
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Meari  daUy  discharge,  in  second-feet,  of  Susquehanna  River  at  Binghamton, 

y,  v.,  I90l-J904—ConiAnxied, 


Day. 


Jan. 


Feb.   lUr. 


Apr.  I  May.  June. 


23 

a 

25 

» 
27 

1» 
2» 
30 
31 


1901. 


1 

3 
4 
5 

« 

m 
I  . 

8 

9 
10 
U. 
12. 
13. 
U 
15. 
16. 
17. 
18 
19. 
20 
21. 
22. 
23 
24 
25. 
26 
27. 
28 
29. 
30. 
31. 


1902. 


1 

2. 

3 

4 

6 

6 

7. 

8. 

9 
10 
U 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
2B 
24 


27 


19Q& 


80 

ai 


3,566 
4,006 
3,566 
4,380 
3,555 
8,385 
3,075 
2,506 
2,200 
1,970 
1,901 
1.740 
2,016 
1,740 
1,510 
1,444 
1,290 
1,224 
l,6n 
2,200 
1,070 
1,970 
7,546 
8,730 
6,  OH) 
4,005 
3,386 
4,680 
6,610 
8,880 
2,666 


4,006 

8,756 

4,756 

8,730 

9,340 

7,266 

6,080 

4,880 

4,180 

11,560 

9,960 

11,240 

11,400 

11,560 

10,920 

10,760 

9,980 

8,580 

7,126 

5,900 

6,300 

13,160 

13,480 

10,280 

7,680 

6,985 

6,166 

6,080 

9,340 

24,000 

26,880 


1,970 

1,970 

1,970 

8,630 

2,905 

2,200 

2,361 

2,430 

2,545 

2,361 

2,666 

2,200 

1,671 

1,510 

1.290 

1,290 

1,180 

1,070 

1,070 

1,070 

1,180 

1,004 

1,290 

1,400 

1,070 

1,004 

1,671 

9,660 


Jaly. 


20,060 

16,260 

16,260 

19,000 

28,660 

17,780 

12,500 

8,280 

7,266 

6,485 

6,080 

9,660 

14,440 

11,660 

8,130 

6,670 

4,680 

8,340 

8,680 

4,430 

4,880 

4,330 

4,380 

3,630 

3.506 

3.385 

2,906 

13,960 


45,940 

60,300 

&4,3tJ0 

38,960 

22,220 

12,520 

10,130 

9,340 

8,430 

10,600 

10,120 

17,270 

29,420 

31,940 

?7,260 

19,350 

31,580 

31,940 

23,300 

18,960 

10,440 

9,806 

10.120 

10,600 

9.650 

7,980 

6,986 

6,706 

9,185 

10,440 

9,900 


36,580 
27,980 
17,100 
11,880 
10,280 
12,840 
12,300 
12,520 
27,800 
27,080 
30,680 
30,600 
23,660 
17,100 
13,480 
11,560 
9,960 
9,650 
8,730 
7,646 
6,846 
10,120 
16,500 
32,660 
30,500 
22,220 
15,006 
11,560 
10,440 
9,185 
12,040 


8 
K 
7 
6 
6 
6 
5 
6 
7 
9 
10 
9 
8 
7 
6 
5 
4 
4 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
2 


13 
10 
8 
8 
7 
6 
5 
8. 
10 
H 
7 
6 
5 
4 
5 
5 
4 
4 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 


880 
580 
835 
9H5 
080 
640 
255 
130 
545 
495 
440 
660 
430 
405 
435 
380 
755 
f&O 
930 
435 
195 
95:^ 
666 
246 
154 
970 
866 
924 
924 
086 


480 
920 
730 
430 
690 
435 
900 
130 
280 
430 
405 
570 
640 
830 
640 
430 
830 
180 
580 
193 
786 
476 
315 
200 
086 
016 
865 
740 
625 
510 


2.606 
2,665 
2,430 
2.200 
2,200 
2,246 
2,016 
1,924 
1,740 
1,740 
1,610 
1,466 
1.400 
1,400 
1,334 
1,290 
1,290 
1,070 
1,070 
1,070 
1,290 
1.466 
1,510 
1.290 
1,180 
1,654 
1,970 
1,924 
1,786 
1,626 
1,616 


1,466 

1,384 

1,290 

1,290 

1,246 

1,180 

1,114 

1,070 

1  070 

980 

860 

850 

850 

850 

860 

740 

740 

740 

740 

630 

630 

630 

630 

462 

420 

420 

462 

525 

525 

462 

420 


1,510 
1,554 
1.4a) 
2,164 
3,195 
2.665 
2,154 
2,016 
2,200 
2,085 
1,786 
1,786 
2,016 
2,016 
2.200 
2,200 
1.924 
1,970 
1,856 
1,856 
1,740 
1,786 
2,016 
1,856 
1,664 
1,334 
1,564 
1,554 
2,665 
14,600 


420 
462 
420 
316 
378 
315 

420 
315 
815 
315 
2,476 
9,340 
4,130 
8,097 
2,154 
1,855 
1,740 
1.510 
1.400 
1,924 
4,930 
6.705 
8,430 
6,705 
5,430 
4,005 
2.905 
3.097 
4,690 


8,580 

6,165 

4,505 

5,180 

4,0H0 

5.455 

6,706 

6,435 

6,510 

5,640 

7.545 

6,435 

4.  OHO 

3,100 

2,430 

2,315 

2.164 

2,200 

2,200 

15,500 

28,340 

29,960 

26,100 

21,140 

18,300 

12,520 

9,495 

16,260 

11,560 

8,280 

9,960 


3,880 
3,025 
2,884 
2,016 
1,740 
1,510 
1,384 
1,290 
1,180 
1,114 
1,006 
960 
960 
894 
1,026 
894 
860 
960 
1,114 
1,070 
1,246 
1,290 
4,255 
7,265 
4,080 
2,546 
2,085 
1,740 
1,510 
1,786 
2,316 


Ancr- 


2,086 
6,846 
6,130 
3,605 
2,499 
1,740 
1.570 
1,290 
1,400 


7,980 
11.240 
0,QH0 
6,845 
4,980 
4,130 
3,930 
3,265 
2,963 
2,617 
2,384 
2,430 
2,546 
2,430 
2,086 
l,a55 
1,625 
1,510 
1,400 
1,400 
1,510 
1,510 
1,884 
1,334 
1,290 
1,290 
1,180 
1,290 
1,334 
1,400 
1,114 


1,970 
1,694 
1,400 
1,800 
1,856 
3,436 
3,630 
3,097 
2,545 
2,164 
2,384 
2,617 
2,316 
2,085 
1,970 
1,607 
1,466 
1,400 
1,334 
1.334 
1,740 
2,200 
1,625 
1,400 
1,290 
2,315 
5,900 
4,430 
27,260 
26,900 
20,060 


S«pt. 

Oct. 

860 

1.280 

860 

1,180 

860 

1,070 

860 

960 

740 

860 

762 

860 

784 

860 

850 

850 



860 

1.006 

6,985 

1,006 

6,165 

l.(RW 

4,680 

l.WO 

3,880 

1,026 

2,785 

894 

2,857 

860 

2.617 

960 

2,476 

894 

2,430 

1,290 

2,246 

1,290 

1,970 

1,290 

2,246 

1,246 

2,476 

1,070 

2,785 

1,070 

2,785 

960 

2,n8 

850 

2,430 

850 

2,085 

850 

1,855 

740 

2,085 

630 

2,430 

630 

2,384 

740 

2,016 

674 

1,924 

740 

1,004 

1,510 

1,855 

2,154 

1,740 

1,970 

11,240 

8,280 

19,000 

5,005 

15,005 

9,960 

13,160 

894 

8,730 

1,006 

6,300 

1,070 

4,755 

960 

3,535 

1,006 

3,535 

1,290 

3,535 

1,510 

2,315 

2,315 

2,246 

17,950 

1,970 

45,550 

2,200 

48.900 

2,246 

32,660 

2,085 

18,650 

1,855 

11,400 

1,556 

8,580 

1,40) 

6,K45 

1,556 

6.030 

1,855 

16,420 

1,740 

17,610 

1,740 

13,160 

1,510 

9,660 

.1,334 

7,690 

1,180 

6,165 

1,246 

6,510 

1,180 

6,305 

1,070 

4.680 

960 

4,305 

960 

4,130 

960 

4,130 

804 

4.065 

8,880 

Nov. 


1,400 
2,315 
4,055 
2,906 
1,901 
1,290 
1,510 
1,626 


7,126 
5,640 
4,755 
4,180 
3,680 
3,337 
3,193 
3,005 
2,617 
2,476 
2,315 
2,200 
2,200 
2,430 
2,246 
1,970 
1,970 
1,924 
1,786 
1,855 
1,740 
1,740 
1,786 
1,740 
1,786 
1,904 
2,315 
2,665 
2,785 
2,617 


3,680 
3,106 
2,905 
2,665 
2,665 
3,145 
3,435 
2,953 
2,6R5 
2,430 
2,361 
2,246 
2,131 
2,086 
1,901 
1,901 
10,440 
14,280 
9,a50 
6,166 
4,680 
3,880 
3,766 
4,006 
8,805 
3,145 
2,713 
2,545 
2.666 
2,665 


Dec. 


4.880 
7,086 
6,880 
3,805 
3,680 
2,606 
2,786 
4,766 
6,640 


2,430 
2,384 
2,665 
3,266 
3,830 
3,460 
2,867 
2.476 

35,  •S>4 

2,666 

2,617 

2.905 

2,617 

2.246 

2,430 

2,857 

14,930 

16,760 

13.640 

10.900 

9.185 

23,120 

27,260 

18,650 

12,360 

10,280 

8,280 

6,846 

5,880 

5,005 

4,580 


2,131 
2,315 
2,200 
2.200 
2,131 
1,786 
1,901 
1,901 
2,016 
1,400 
1,740 
1,970 
2,200 
3.435 
3,565 
3,313 
2,953 
2,665 
2,545 
2,131 
6,435 
9,496 
8,130 
6,166 
6,640 
6,005 
4,805 
4.130 
4,430 
4,630 
4,880 
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Mean  daily  discharge,  in  geoond-fi 


16.  an 

30.140 

32.«eo 

IT.  no 


5,280   18.640 


■,  I  Apr.  I  U 


Mar.  June.    Jvlj.    Aug-   Bept 


S.790 
8.740 


Bept 

Oct.   , 

r,,m  ' 

K^. 

a.  SIB 

2.«8 

i!.aju 

l.ttb 

Estimated   monthly  diacharge  of  Suaqtiehanna  IHver  at  Binghamim 

lOfll-1904. 
[Dnliiageu-ea,3.(<X)M|a»renitleH.] 


IMl. 

Angnst 

September 

October 

Ni>vember 

December 

1002. 

Jtuinary 

Febrnary  

April 

May 

July 

Angntit 

September 


4.05.'". 
4.t,  210 

8.730  I 
9.  two 
60,300  I 
10.440  I 
2,666  I 
14,600 
29,060  I 
11,240  ' 


i-feel. 

Rnn«ff. 

MettD. 

Sownd-feet 

DepUiJn 
Incbw. 

I.47.'i 

0.81 

O.TO 

988 

.41 

.46 

1,034 

.43 

.50 

1.454 

.61 

.68 

7.  .51 4 

3. 13 

3.61 

—  ^ 

8.177 

1.32 

1.52 

2, 0-W 

.86 

.80 

19,701 

8.91 

9.48 

B.2S.'i 

2.20 

2.43 

1,672 

.70 

.81 

3.373 

.99 

1.10 

.    9,. 587 

4.00 

4.61 

,     2,941 

1.23 

1.42 

1,420 

.88 

.66 

EM^s.]        H-OW    OF   srSQUEUANNA    AT    BINUUAMTON. 
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Ettimated  monthly  dUcharge  of  Stuquehanna   River  at  Binghamton,  N,   K., 

1901''J90jh-Co^tinued. 


Month. 


1903. 


October . . . 
November 
December. 


The  year 


1903. 


January 
February 
Haich. 
April  ...   . 

May 

June 

July 

Aogmit  .. 
September 
October .   . 
November. 
December. 


The  year 


1904. 


Jannary  . 
Febroary 

March 

April    . .   . 

May 

Jime 

July 

August 

September 
October . . . 
November 
December 


Discharge  in  aeoond-f fMt. 


Rnn-off. 


8«(*(>nd-feet 

per  Bqiiitre 

mile. 


Depth  in 
Inches. 


60,300 


4,197  I 
2,784  ' 
7,461 


630  I  5,217 


25,820 
28,660 
35,580 
18,480 
1,466 
9,340 
7,265 
27,260 
13,160 
48,900  I 
14,280  I 
9,495  . 


3,755 

2,905 

6,845 

1,510 

420 

252 

850 

1,290 

894 

894 

1,901 

1,400 


9.360  I 
9,248  I 

17,275  . 
5,344  ; 

821 
2,680 
1,914 
4,413 
2,654 

10,108 
8,890 
3,556  ; 


48,900 


252  >    5,980 


18,895 

2,361 

32,012  i 

3, 3a5 

47,110 

3.730 

21,500  ' 

4,930 

8,430 

1,532 

6,165 

718 

3,313  1 

567 

6,985 

1,136 

4,305 

1,070 

16,250 

1,625 

4,805 

2,200 

23,660 

1,625 

The  year 47, 110 


56^ 


5,794 

10,530 

14,010 

10,650 

3,088 

1,769 

1,027 

2,396 

1,850 

5,016 

2,881 

4,226 

5,270 


1.75 
1.14 
8.11 

2.18 


8.90 
3.85 
7.19 
2.23 

.84 
1.12 

.80 
1.84 
1.11 
4.21 
1.62 
1.48 

2.47 


2.41 
4.39 
5.84 
4.44 
1.29 
.737 
.428 
.998 
.770 
2.09 
1.20 
1.76 

2.20 


2.02 
1.27 
3.59 


29.82 

4.50 
4.01 
8.29 
2.49 

.89 
1.25 

.92 
2.12 
1.24 
4.85 
1.81 
1.71 

33.58 


2.78 
4.73 
6.73 
4.95 
1.49 
.822 
.493 
1.151 
.859 
2.41 
1.34 
2,03 


29.78 
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CHENANGO  RIVER  AT  BINGHAMTON,  N.  Y. 

This  station  was  established  by  R.  E.  Horton  July  31,  1901.     The 
gage  is  located  on  the  upstream  side  of  the  first  span  from  the  ri^ht 
bank  of  Court  Street  Bridge,  Binghamton.     It  is  a  boxed  wire  gage 
secured  to  the  vertical  supports  of  the  hand  railing.     The  bench  mark 
is  a  circular  chisel  draft  on  the  upstream  corner  of  the  bridge  seat  on 
the  left  abutment.     Its  elevation  is  34.02  feet  above  gage  datum. 
Court  Street  Bridge  stands  squarely  across  the  stream,  which  has  a 
nearly  horizontal  bed  of  gravel  and  small  cobblestones,  affording  a 
smooth,  uniform  current  for  gaging.     The  channel  is  obstructed  by 
three  masonry  piei*s  supporting  the  four  spans  of  the  bridge,  79  feet 
clear  width  each,  the  bridge  having  a  total  length  of  337  feet  between 
abutments.    The  bridge  is  situated  2,500  feet  above  the  confluence  of 
Chenango  and  Susquehanna  rivers.     A  small  rift  below  the  bridge 
cuts  off  backwater  from  the  Susquehanna  at  ordinary  stages  of  the 
rivers.     For  periods  during  freshets  or  at  times  when  there  is  an 
abnormal  rise  on  one  stream,  accompanied  by  a  similar  rise  in  the 
other  stream,  either  the  Chenango  or  Susquehanna  River  record  at 
Binghamton  may  be  affected  by  backwater,  indicating  a  too  great 
discharge.     For  freshets  of  considerable  duration  the  flow  of  the  two 
streams  will  be  more  nearly  equalized.     Gage  readings  on  Chenango 
River,  as  well  as  those  on  Susquehanna  River  at  Binghamton,  are 
taken  by  E.  F.  Weeks.     In  estimating  run-off  of  Chenango  River  the 
area  directly  tributary  to  storage  reservoirs  from  which  diversion  is 
made  to  supply  Erie  Canal  has  been  deducted  from  the  total  area 
naturally  tributary  to  Chenango  River. 

In  estimating  the  run-off  of  Chenango  River*  the  area  directly  tribu- 
tary to  storage  reservoirs,  from  which  diversion  is  made  to  supply  Erie 
Canal,  has  been  deducted  from  the  total  area  naturally  tributary  to 
Chenango  River,  as  follows: 

Square  miles. 

Natural  tributary  area  « 1, 580 

Diversion  area,  6  reservoirs  at  head  of  Chenango  River,  whose  overflow 

is  turned  into  Erie  Canal  through  Oriskany  Creek 30 

Diversion  area,  De  Ruyter  reservoir,  at  head  of  Tioughnioga  River;  out- 
flow turned  into  Erie  Canal  through  Limestone  Creek 18 

48 

Net  area  used  for  Chenango  basin 1 ,  533 

Above  estimate  of  diversion  area  is  approximate.  No  allowance 
for  direct  inflow  to  feeder  channels  from  additional  areas  nor  fo.- 
waste  into  original  stream.  Gross  area,  from  which  more  or  less  run- 
off is  diverted,  is  about  105  square  miles. 

«Froin  Bien's  Atlas  of  New  York  State.    Areas  tributary  to  reservoirs  are  from  New  York 
Barge  Canal  Report,  1900. 


HOTT    AXD 
▲NDEBSON 


XD"| 
JN.J 


FLOW   OF   CHENANGO   AT    BINQHAMTON. 


86 


Discharge  metisurements  of  Chenango  River  cU  Binghamton,  \,  \  .,  liH)l-UH)4, 


D»te. 


Hydrographer. 


1901. 


E.  C.  Murphy 


Julys 

Julys do  - 

July9 do  . 

July 29   .   -.-., do  . 

.  ..do 

.- -do  . 

....do- 
.,.do  _ 

...do. 


Do... 
August  19 . 

Do-  .. 
October  19 

Do... 


E.G.  Murphy 


1902. 

March27 

March  28 do    

March  29 do 

June  6  « R.E.Horton. 

July  1 - \  E.C.Murphy 

Julys  do    

July  15. - I do _ 

Au^st  3 — do 

Augrost  14 do 

Au^TQst  15 - do 

September  3 C.  C.  Covert  . 

1903. 

April  6 E.C.Murphy 

May  15. j do  - 

June  13 C.  C.  Covert  . 

August  19 J.C.Hoyt    .. 

Angust  21 C.  C.  Covert . 

October  1 H.H.Halsey 

October  10 C.C.  Covert 

1904. 

March  8 _.i  C. C. Covert . 

AprQS - '  R.E.Horton 

Jnlyl2 _ C.C.  Covert. 


Me»n 
velocity. 


September  10. 
November  22. 


do 

H.  R.  Beebe 


liquare 
feet. 

689 

764 

617 

602 

469 

547 

681 

646 

775 

1,384 

1,489 

1,590 

956 

1.534 

1,155 

995 

1,775 

877 

841 

675 

1,359 
646  I 

1,490 
621  I 

1,006 
650 

5,411 

3,  702 

2,459 

595 

467 

1,022 


Feet  Iter 
9econd. 

1.28 

1.46 

1.58 

.61 

.90 

1.04 

.85 

1.53 

1.20 

3.04 
2.94 
3.27 
2. 52 
3,14 
2.38 
2.13 
3.12 
1.83 
1.48 
.80 

2.71 
.83 
1.93 
-  .97 
2.23 
1.09 
5.23 


} 


height. 

Feet. 
5.64 
5. 78 
5.71 
5.21 
5.21 
5.48 
5.49 
5.81 
5.82 

8.15 
8.21 
8.75 
7.00 
8.49 
7.24 
6.64 
9.16 
6.32 
6.20 
5.56 


I  Diacharge. 


I  Second-feet. 

'  848 
1,119 
942 
405 
425 
566 
577 
987 

927 

I 

4,201 
4,377 
5,205 
2,407 
4,815 
2,688 
2,098 
5,543 
1,605 
1,341 
546 


7.72 
5.49 
8.06 
5.62  I 
6.72 
5.51 
19.81 


3.45  M4.90 
5.42  I  10.86 
.87  5.42 
1.15  5.55 
2.45         6.86 


8, 695 
538 

2,877 
601 

2,243 

709 

28,300 

9, 104 

11,632 

516 

539 

2,505 


a  Bough  measurement. 


b  Backwater,  caused  by  ice  jam. 
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Mean  ilaily  gagv  height y  in  fevt^  of  ('henantjo  Hirer  at  Bin{fhitmton^  \.  V.. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Antr. 

Kept 

Oct. 

Nov. 

Dec. 

1901. 

1 

5.18 
5.12 
5.10 
5.10 
5.05 
5.20 

5.58 
5.75 
5.58 
5.50 
5.42 
5.28 

5.70 
5.50 
5.51 
5.68 
5.54 
5.50 

5.46 

5.:«) 

5.25 

5.28 
5.26 
5.25 

6.12 

2 

6.83 

3 

6.60 

4.. 

6.52 

5 

6.19 

6 

5.96 

7 

5.05 
5.10 

5.22 

5.20 

5.46 
6.47 

5.25 
5.22 

6.90 

8 

, 

6.02 

9 

5.20 
5.20 
5.22 
5.20 
5.18 
5.12 
5.15 

5.18 
5.15 
5. 15 
5.18 
5.311 
5.48 
5.  Si 

5.40 
6.37 

5.:)4 

5.33 
5.42 
6.47 
6.40 

6.2:4 
5.21 
5.13 
5.26 
6.86 
6.46 
6.19 

6.08 

10 



8.14 

11 

10.00 

12....     

8.82 

\:i 

14 

*""•""■ 

8.48 

15    

19.54 

16 

6.35 
5.90 

5.a> 

5.42 
5.55 
5.02 

6.08 
5.89 
5.85 

6.11 
6.10 
6.06 

17.67 

17 

12.61 

IJ* 



9.41 

19. 

5.48 
5.40 
5.55 
5.58 
5.48 
6.70 
6.20 
5.65 
5.38 

5.:*) 

5.25 
5.20 
5.20 

5.55 
5.45 
5.45 
5.30 
5.2! 
5.20 
5.25 
5.24 
5.25 

"6"  15 
5.88 

5.80 
5.82 
6.78 
5  76 

,    5.70 
5.66 
6.57 
5.48 

j    5.45 

•    5.39 
5.40 
5.36 
5.39 

1 

6.06 
6.00 
5.95 
5.95 
5.94 
6.71 
7.78 
7.18 
6.6:4 
6.(6 
6.20 
6.32 

8.11 

4) 

7.39 

i\ 

6.84 

2».... 

V  ' 

6.66 

& 



7.26 

£4 

8.18 

S 

7  41 

m 

6.88 

27 ... 

6.88 

2K 

6.50 

» 

6.62 

30 

7.20 

31-... 

7.36 

19t)e. 

« 

1 

1 

6.82 

6.31 

18.75 

8.65 

6.54 

6.25 

8.58 

8.46 

6.58 

,    7.28 

8.04 

6.54 

2 

6.64 

6.25 

22.75 

8.61 

6.:«  , 

6.13 

7.88 

9.46 

5.54 

7.26 

,    7.56 

6.48 

3 

6.74 
6.91 

6.13 
6.34 

21.65 
17.36 

8.45 
8.10 

6.22 
6.22 

6.00 
6.27 

7.39 
7.43 

8.47 
7.82 

5.56 
5.48 

6.68 
1    6.28 

■    7.26 
6.98 

6  68 

4 

7.24 

5 

6.64 

6.20 

12.80 

7.82 

6.22 

7.(N) 

7.13 

.  7.;« 

5.46 

6.04 

6.84 

7.14 

« 

6.61 

6.19 

9.98 

6.12 

6.6:^ 

7.4(i 

t    7.00 

5.44 

6.28 

6.74 

6.74 

1.... .. 

6.52 

6.ao 

6.16 
6.20 

9.25 
9.02 

7.80 

7.58 

6. 12  , 
6.12 

6.:% 

6.35 

8.20 
8.0(» 

7.02 

6.87 

5.48 
5.46 

6.56 
6.44 

6.71 

7.58 

6.61 

8 

6.51 

9 

6.22 

6.21 

8.68 

8.12 

6.12  1 

6.:J7 

7.80 

6.80 

5.48 

6.46 

6.44 

6.26 

10 

6.12 

6.08 

9.45 

8.50 

6.  (JO 

6.% 

7.88 

6.57 

5.H»J 

6.81 

6.34 

6.18 

11 

6.14 

6.10 

9.28 

8.98 

5.97 

6.20 

9.2:^ 

6.52 

6.08 

6.14 

6.28 

6.56 

12 

6.(12 

5.98 

11.  e[) 

8.78 

5.92  1 

6.87 

8.40 

6.77 

5.81 

6.16 

6.24 

6.54 

13 

5.87 
5.88 

5.90 

5,84 

15.08 
15.78 

8.48 
8.22 

5.87 
5.82 

6.30 
6.35 

7.40 
6.96 

6.72 
6. 40 

5.66 
5.61 

6.16 
6.38 

6.48 
6.41 

6.24 

14 

6.01 

15 

5.89 

5.77 

14.18 

7.80 

5.77 

6.25 

6.68 

6.24 

5.56 

6.64 

6.:31 

6.11 

16 ; 

5.91 

5.86 

11.98 

7.42 

5.72 

6.2:s 

6.56 

6.22 

5.46 

6.31 

6.16 

6.04 

17 ! 

5.88 

5.76 

15.86 

7.18 

5.74 

6.25 

6.5({ 

6.10 

5.41 

6.11 

6.11 

10.58 

IH 

5.76 

5.78 

5.78 
5.74 

15.72 
13. 10 

7.05 
6.90 

5. 72 
5.62 

6.15 
6.05 

6.48 
6.80 

6.04 
6.00 

5.36 
5.3fJ 

6.01 
5.96 

6.08 
6.06 

10.94 

19. 

9.91 

« 

5.78 

5.71 

10.48 

6.80 

5.77 

6.(r) 

11.38 

6.00 

5.31 

6.81 

6.11 

9.08 

il 

5.66 

5.64 

9.40 

6.72 

6.(r> 

6.(« 

15.02 

5.71 

5.28 

1    6. 86 

6.06 

8.51 

22 

6.02 

5.67 

9.20 

6.64 

fi.W 

6.28 

15.02 

6. 00 

5.26 

6.51 

6.08 

12.  h4 

ani 

8.24 

5.68 

9.82 

6.52 

S.KJ 

6.:« 

13.52 

5.91 

5. 31 

6.:i4 

6.08 

14.  (» 

24 1 

8.66 

5.6» 

9.38 

6.40 

5.77 

6.16 

12.34 

5.88 

5.28 

6.5fl 

6.16 

11.28 

25 

7.02 

5.68 

8.95 

6.92 

6.(X) 

6.(N) 

11.47 

5.84 

5.31 

6.:fl 

6.21 

9.31 

28 

6.86 

5.75J 

8.48 

6.20 

6.:i5 

6.06 

9.62 

5.81 

5.54 

6.21 

6.28 

8.71 

27 

6.86 

6.08 

8.15 

6.20 

6.«;^ 

6.18 

8.62 

5. 71 

5.76 

6.16 

6.78 

8.24 

»< 

7.28 

8.92 

8.15 

6.14 

6.35 

6.16 

11. (i2 

5.78 

5.66 

9.30 

7.06 

7.64 

29 

7.a» 

8.95 

6.14 

6.25  1 

6.73 

9.70 

5. 74 

7.64 

11.  n 

6.78 

7.24 

8tl 

6.85 

9.28 

6.30 

6.23  ^ 

10.56 

8.62 

5.74 

6.44 

10.41 

6.61 

7.28 

31 

6.40 

*•■—••>  — 

8.98 

6.20  1 

9.30 

5.66 



8.96 

6.98 

S8 


fiYDftOGRAPBY   OF  SUSQUEHANNA   BASIN. 


[no.  lOd. 


Mean  daily  gage  height,  in  feet,  of  Chenango  River  at  Binghamton,  N,  F., 

1901-1904— ContiwoiedL. 


Day. 


1. 
2. 
3. 
i. 
5. 
«. 


«. 

». 

10. 

11- 

12- 

13. 

14. 

15. 

16. 

17. 

18.. 

19- 

aa. 

21. 
22- 
23. 
24. 
26. 
20. 
27. 
28. 
2». 
30- 
31- 


1.. 
2.. 
3.. 
4-. 

6- 

6.. 

7.. 

8.. 

9.. 
10.. 
11. 
12.. 
13. 
14.. 
15. 
16. 
17.. 
18.. 
19.. 
20. 
21. 
22. 
23. 
24. 
25. 
26.. 
27.. 
28. 
2». 
30. 
31.. 


1903. 


1904. 


I         •!■ 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1  I>ec. 

6.76 

12.04 

16.49 

10.14 

5.81 

5.06 

6.50 

5.57 

10.01 

6.51 

6.88 

1 

6.64 

10.61 

14.34 

9.14 

5.76 

5.11 

6.42 

6.52 

8.06 

6.66 

6.72 

6- OH 

7.21 

10.56 

11.18 

8.66 

6.74 

5.11 

6.12 

5.46 

7.83 

6.81 

6.08 

6.a> 

8.78 

11.94 

9.71 

8.51 

5. 71 

5.06 

6.97 

5.4I> 

7.29 

5.83 

6.55 

fi.  :ai 

8.64 

13.38 

9.06 

8.24 

5.68 

5.06 

5.80 

6.57 

0.96 

5.8:3 

6.50 

6.  15 

7.96 

11.46 

10.14 

7.78 

5.64 

5.06 

5.82 

6.49 

6.06 

7.3:i 

6.92 

6.  i:» 

l.'M 

9.81 

10.01 

7.66 

5.61 

4.94 

5.85 

B.47 

6.46 

6.71 

6.82 

6.  CM 

7.24 

8.54 

10.08 

8.76 

5.58 

5.24 

5.77 

6.32 

6.31 

6.06 

6.58 

«.U5 

6.98 

8.16 

14.68 

9.11 

5.56 

6.11 

5.67 

5.99 

6.19 

11.94 

6.48 

6.CI5 

9.66 

7.84 

14.28 

8.51 

5.56 

6.(J6 

5.57 

6.22 

6.13 

19.06 

6.40 

5.110 

9.34 

7.76 

15.26 

8.18 

5.56 

5.11 

6.47 

6.52 

6. 36 

19.91 

6.40 

6.yu 

9.36 

9.01 

15.24 

7.81 

5.61 

6.71 

6.47 

6.27 

6.49 

15.48 

6.32 

6.  (H) 

9.26 

10.24 

13.16 

7.51 

6.51 

7.97 

6.42 

6.27 

6.19 

11.42 

6.26 

6.30 

9.08 

9.28 

11.31 

7.26 

5.48 

6.62 

5.42 

6.07 

6.03 

9.45 

6.22 

6.35 

9.14 

8.21 

10.26 

7.48 

5.46 

6.29 

5.42 

5.95 

5.93 

8.58 

6.16 

6.15 

9.14 

7.84 

9.66 

7.41 

6.46 

6.12 

5.49 

5.79 

5.80 

7.96 

6.15 

6.10 

8.96 

7.24 

9.08 

7.21 

5.46 

b.9& 

5.57 

5.69 

5.86 

7.78 

9.08 

6. 1(1 

8.54 

6.44 

9.14 

6.98 

5.41 

5.72 

6.49 

5.09 

6.21 

11.55 

10.10 

6.(15 

7.86 

6.68 

8.78 

6.76 

6.:*< 

.5.75 

6.72 

5.59 

6.28 

11.72 

8.60 

5.fle 

7.38 

6.71 

8. 36 

6.66 

6.38 

5.82 

6.89 

7.07 

5.99 

10.20 

7.42 

5.  SB 

7.74 

6.88 

8.16 

6.44 

5.38 

6.(fi2 

6.79 

6.86 

5.89 

9.08 

6.92 

7.35 

9.84 

6.81 

9.48 

6.36 

5.:^4 

8.67 

6.87 

6.29 

6.81 

8.40 

6.76 

8.:« 

9.86 

6.91 

11.38 

6.31 

5.26 

8.19 

6.67 

5.99 

5.n 

7.88 

6.72 

8.10 

8.71 

6.76 

15.  ra 

6.24 

5.28 

8.99 

7.16 

5.79 

5.69 

7.72 

6.85 

7.48 

7.98 

6.68 

14.96 

6.11 

5.26 

8.32 

6.  IN) 

5.79 

5.66 

7.66 

6.78 

7.35 

7.96 

6.64 

12.56 

6.11 

5.21 

7.87 

5.77 

7.63 

5.61 

7.25 

6.40 

7.  IK 

7.66 

6.66 

10.54 

6.04 

5.21 

7.27 

.5.65 

7.  .59 

5.56 

7.15 

6.32 

6.92 

7.71 

9.96 

9.54 

6.96 

5.21 

6.77 

5.57 

6.80 

5.61 

7.10 

6.38 

6.48 

8.74 

9.16 

6.88 

5.24 

6.69 

5.57 

14.61 

5.50 

7.20 

6.18 

6.48 

13.31 

8.61 

5.86 

5.21 

6.89 

5.66 

14. :« 

6.59 

7.18 

6.20 

6.50 

13.74 

9.78 



5.16 

5.59 

12.11 

7.10 

6.45 

6.42 

7.32 

7.60 

11.30 

8.72 

7.14 

5.50 

6.10 

5.70 

7.60 

6.22 

6.15 

6.55 

7.20 

7.40 

12.90 

8.19 

6.79 

6.73 

7.08 

6.r2 

6.85 

6.20 

5.U5 

6.42 

7.18 

7.88 

all. 70 

7.79 

6.56 

5.63 

7.85 

5.70 

6.41 

6.12 

6.81) 

6.45 

7.20 

10.:i8 

10.50 

7.42 

6.42 

5.61 

6.88 

5.72 

6.21 

6.07 

6.75 

6.68 

7.06 

11.92 

9.45 

7.19 

0.64 

5.51 

6.32 

5.65 

6.11 

6.m 

5.65 

6.82 

6.75 

11.08 

10.08 

6.99 

6.50 

6.49 

6.72 

5.66 

6.01 

6.17 

6.72 

6.68 

8.12 

10.95 

10.30 

6.82 

6.34 

6.61 

6.66 

5.00 

6.01 

6.23 

5.80 

6.60 

13.92 

14.78 

10.88 

6.67 

6.25 

5.68 

6.28 

5.52 

5.96 

6.16 

5.75 

6.  .58 

15.30 

16.90 

11.01 

6.55 

6.88 

5.48 

6.10 

5.60 

5.88 

6.11 

.5.62 

6.48 

14.28 

15.65 

12.97 

6.44 

7.98 

6. 40 

6.02 

5.50 

6.80 

6.11 

5.ii5 

6.38 

12.06 

13.70 

12.42 

6.34 

6.93 

5. 30 

6.98 

.5.40 

6.06 

6.06 

5.58 

6.30 

10.  eo 

11.40 

10.84 

6.26 

6.48 

6.60 

5.92 

.5.31 

7.60 

6.06 

5.62 

6.25 

9.50 

10.  J« 

9.91 

6.18 

6.26 

5.56 

6.86 

5.31 

8.95 

6.01 

6.70 

6.20 

8.70 

9.52 

9.29 

6.14 

6. 15 

6.:« 

6.75 

5.34 

7.85 

6.02 

5.55 

6.15 

8.20 

8.75 

8.74 

6.26 

6.08 

.5.40 

5.72 

6.09 

7.(J8 

5.96 

5.65 

6.15 

9.38 

8.20 

8.49 

7.:« 

6.5;} 

6.00 

5.66 

5.91 

6.40 

6.08 

6.65 

6.12 

10.18 

7.65 

8.39 

7.:« 

6.11 

5.65 

5.70 

6.67 

6.42 

6.10 

6.65 

6.15 

10.05 

7.42 

8.;j9 

0.84 

5.94 

6.68 

6.02 

5.54 

6.26 

5.96 

5.65 

6.30 

9.52 

7.22 

8.40 

6.64 

5.84 

6.56 

5.  .55 

5.40 

6.16 

6.92 

5.60 

6.45 

8.98 

7.48 

8.2;} 

7.:«) 

5.84 

6.08 

6.78 

5.;« 

6.12 

5.90 

5.00 

6.30 

8.02 

7.88 

7.98 

7.10 

5.84 

6.88 

6.82 

5.46 

5.79 

6.06 

5.60 

6.30 

8.35 

7.78 

7.98 

6.70 

5.82 

6.82 

6.50 

.5.68 

10.79 

6.80 

5.60 

10.36 

8.02 

11.30 

8.00 

6.47 

5.72 

5.65 

8.25 

.5.66 

9.76 

6.68 

5.66 

11.18 

9.:^5 

15.15 

7.93 

6.73 

6.60 

6.10 

7.  .55 

5.66 

8.15 

6.60 

5.92 

11.60 

9.:^8 

16.  iX) 

8.13 

6.47 

.5.54 

6.02 

6.65 

6.70 

7.38 

6.38 

6.60 

10.20 

8.70 

19.8:J 

8.43 

6.40 

6.54 

5.92 

6.:« 

8.42 

7.41 

6.32 

6.26 

9.35 

8.26 

19.90 

8.13 

6. 60 

5.47 

6.20 

6.20 

6.29 

7.23 

0.18 

6.72 

8.66 

7.9:> 

16. 16 

10. 13 

6.60 

5.46 

6.22 

«6.06 

6.16 

6.92 

6.98 

12.75 

8.10 

7.88 

12.08 

10. 19 

6.40 

6.46 

6.65 

5.90 

6.95 

6.68 

5.80 

13.28 

7.88 

10.62 

9.39 

6.ai 

.5.49 

6.90 

5.80 

6.92 

6.53 

6.20 

10.15 

7.60 

10.58 

6.70 



6.32 

5.72 

6.88 

6.26 

a  Interpolated. 


HOTT  AND 
▲NDBES02C.. 

]             FLOW    OF   ( 

CHENANGO   AT    BINGHAMTON. 

3^ 

Rating  tdi 

^e  for  Chef 

langoRit 

^er  at  Bingi 
Dischanfe. 

kamton,  N.  Y.^for  1001  to  UK 

Feet.       Seamd'feet.       Fret. 

U,  inclusit^ 

beiffht. 

1 
DiBcharge. 

Seeond-feet. 

Omo 
height. 

1 
DiBchanre. 

Frtt. 

Second-feet. 

Second-feet. 

5.0 

160 

7.4 

8,200 

10.6 

8.590 

15. 4 

18. 240 

5.1 

256 

7.5 

8,350 

10.8 

H,  970 

15.6 

18,660 

5.2 

352 

7.6 

8,500 

11.0 

9. 850 

15.8 

19,080 

5.3 

450  : 

7.7 

3,650 

11.2 

9,730 

16.0 

19. 500 

5.4 

550    ' 

7.8 

8,800 

11.4 

10,110 

16.2 

19.940 

5.5 

650 

7.9 

8,950 

11.6 

10.490 

16.4 

20,380     1 

5.6 

760 

8.0 

4,100  ; 

11. H 

10.870 

16.6 

20,820 

5.7 

875 

8.1 

4,250 

12.0 

11,250 

16.8 

21,260 

5.8 

995  ; 

8.2 

4,400 

12.2 

11,650 

17.0 

1 

21,700 

5.9 

1,115 

8.3 

4, 550 

12.4 

12,050 

17.2 

22,140 

6.0 

1,235 

8.4 

4.700 

12.6 

12,450 

17.4 

22, 580 

6.1 

1,365 

8.5 

4,a50 

12.8 

12,850 

17.6 

23,030 

6.2 

1,495 

8.6 

5,030 

13.0 

13,250 

17.8 

23,490 

6.3 

1,625 

8.7 

5,190 

13.2 

13, 650 

18.0 

23,950 

6.4 

1,755 

8.8 

5,300 

13.4 

14,050 

18.2 

24,410 

6.5 

1,885 

8,9 

5,530 

13.6 

14.460 

18.4 

24,870 

6.6 

2,025 

9.0 

5,700 

13.8 

14,880 

18.6 

25,340 

6.7 

2,165 

9.2 

6,060 

14.0 

15,300 

18.8 

25, 820 

6.8 

2,305 

9.4 

6,420 

14.2 

15,720 

19.0 

26,300 

6.9 

2,450    ' 

9.6 

6,780 

14.4 

16,140 

19.2 

26,780    ■ 

,      7.0 

2,600 

9.8 

7,140 

14.6 

16,500 

19.4 

27,260 

7.1 

2,750 

10.0 

7, 500 

14.8 

16,980 

19.6 

27, 760 

7.2 

2,900 

1 

10.2 

1 

7,860 

15.0 

17,400 

19.8 

2H,280 

7.3 

1 

3,050    1 

1 

10.4 

8,220 

15.2 

17,820 

Remarks:  Tangent  at  19.5  feet.    Differences  above  this  point  260  per  tenth. 
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Mean  daUy  discharge ^  in  seeondrfeet,  of  Chenanga  River  at  Binghamton,  N,  >'., 

I90J'J004'-Contianed . 


1 

« 

3 
4 

5 
6 

i 

8 

9 

10 


2,249 
2.081 
2,  WO 
&,aBO 
5,106 
4,(fi5 
3,125 

2,irn> 

2,570 
6,aH) 


n «,330 

12. 6,330 

13 6,150 


14 

16 
IT 
1» 
19 

21 

22 


5,880 
5,a70 
5,970 
5,615 
4,9% 
3,S75 
3,2IJ0 
3,725 
7,230 


23 7,230 


24 

25 
26 

27 

28 
29 


5,190 
4,100 
4.1185 
3,575 
3,6S0 
5,275 

30 13,860 

31 14,775 

1904.        I 

1 '  1,781 

2 1,956 

3 1,781 

4 1.820 

5 2,137 

6 2,333 

7 2,1.37 

8 2,088 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


1,997 
1,869 
1,729 
1,625 
1,560 
1,495 
1,430 
1,4:« 
1,391 
1,430 
1,625 
1,820 


21 1,685 

S2 1  1,625 

21 1  8,130 

24 '  9,730 

25 10,490 


26 

as 

29 

ail 

:n 


7,880 

6,3:*} 

.5.105 
4,250 
3,950 
3,500 


ll.SBO 

8,590 

8,496 

11,165 

14,060 

10.205 

7,140 

4,985 

4.385 

8,875 

3,725 

5,7I«> 

,  7,950 

I  6.240 

4,«J0 

I  3,876 

2,975 

1,807 

2,i:J7 

2,179 
2,420 
2,319 
2.465 
2,249 
2,137 
2,081 
1,969 
7,410 


3 
2 
2 
2 
2 
2 
4 
15 
18 
16 
11 
8 
6 
5 
4 
6 
7 
7 
6 
5 
5 
4 
5 
6 
6 
5 
4 
4 
3 


060 
900 
900 
90O 
675 
236 
250 
090 
060 
930 
360 
590 
600 
190 
400 
420 
860 
590 
600 
700 
020 
625 
020 

:eo 

42r) 
191) 
475 
fC26 
950 


20,600 

16,066 

9.730 

6,960 

6,790 

7,770 

7,500 

7,680 

16,770 

15,960 

17,985 

17,985 

13,560 

9. 921) 

7,960 

6,690 

5,880 

6,970 

5,3ao 

4,625 

4,385 

6.000 

10,110 

18,975 

17,295 

12,350 

8,496 

6.690 

6,970 

5,020 

7,140 


3,600 

3,200 

3,960 

5,75J> 

9,000 

8,500 

8,  .300 

8,986 

11,400 

10,700 

8.950 

6,670 

6,7a) 

4,950 

4,170 

3,600 

3.020 

2,800 

2,680 

3,015 

3,.Vi5 

3,360 

9,920 

17,715 

19,290 

28,280 

2S,.'>40 

19. 85)0 

11.450 

8,  .590 

8,690 


770 
970 
966 
860 
476 
800 
675 
275 
880 
965 
400 
800 
350 
975 
360 
200 
900 
.570 
249 
909 
807 
708 
638 
647 
378 
378 
287 
187 
091 
087 


9,»S0 
13,061 
10,680 
8,400 
6.510 
7,680 
8,040 
9,160 
9,350 
13,150 
12.060 
9,065 
7,320 
6,240 
5,275 
4,860 
4,700 
4,700 
4,700 
4. 475 
4.1U) 
4.100 

4,ia) 

4,025 
4,:«5 

4,  14>'> 

4,:i25 

7,  no 

7.800 
6,420 


M»y. 


1.007 
947 
923 
887 
861 
804 
771 
738 
716 
716 

n6 

661 
661 
630 
610 
610 
610 
560 
^) 
510 
510 
490 
410 
410 
410 
368 
362 
882 
390 
862 
314 


5,190 

4,400 
3,8IK) 

8,2a) 

2,900 
2,586 

2,a« 

2,123 
1,955 
1,807 
1,677 
1,573 
1,469 
1,417 
1,573 
3,125 
3,125 
2,881 
2,081 
3,050 
2,750 
2.165 
1,846 
2,2117 
1.846 
1,7.55 
1.8K) 
1.885 
1,775 
1,57:^ 
2,249 


June. 


217 

265 

266 

217 

217 

217 

lOB 

390 

265 

217 

286 

887 

4,085 

2.053 

1,612 

1,391 

1,189 

935 
1.019 
2.053 
5,106 
4,400 
5.700 
4,560 
3,875 
2,975 
2.263 
2.161 
2,436 


2,826 
2,291 
1,969 
1,781 
2,081 
2,011 
1,677 
1,.560 
2.420 
4.ia) 
2.496 
1,859 
l,.'i0O 
1,430 
1,.S39 
1,927 
1,378 
1,163 
1,04:J 
1,04;^ 

i,04:j 

1,019 
899 
760 
694 
694 
620 
610 
610 
640 


July. 


2,011 
1,781 
l,:«)l 

1,199 

1,108 

1,019 

1,066 

969 

889 

727 

620 

620 

.570 

570 

670 

640 

727 

640 

899 

1.103 

983 

1,079 

2,123 

2.825 

1.362 

959 

816 

727 

727 

815 

749 


749 

911 

793 

771 

661 

640 

661 

738 

660 

560 

450 

660 

706 

500 

550 

760 

815 

2,137 

1,955 

1.3;i9 

1,091 

1,019 

815 

1,385 

1,261 

1,139 

1,496 

1,.'V21 

2,005 

2.450 

1,651 


Aug. 


727 
672 

600 
600 
1.988 
1,872 
1,846 
1,661 
1,283 
1,521 
1,913 
1,.V« 
1,586 

l,:fi6 

1,175 

983 

863 

863 

749 

2,675 

2,380 

1,612 

1,223 

983 

983 

8,575 

3.500 

2,435 

16,560 

16,(fl5 

11,460 


1,806 

2,760 

8,126 

2,420 

1,661 

2,196 

2,096 

1,599 

1,366 

1,261 

1,211 

1,189 

1,065 

965 

899 

815 

875 

782 

705 

971 

2,333 

1,885 

4,475 

3,425 

2,095 

1,651 

1,495 

1,3a) 

1,115 
995 

MDQ 


Sept.     Oct 


7,800 
5.106 
.3,875 
3,060 
2,540 
2,109 
1,883 
1,638 
1,4»! 
1,404 
1,708 
1,872 
1,488 
1.274 
1,161 

i,ia^ 

1,067 

1,.508 

1,534 

1,223 

1,106 

1,007 

887 

863 

827 

772 

716 

772 

749 

749 


876 

876 
899 
815 
815 
760 
672 
660 
660 
560 
460 
460 
490 
1,362 
1,127 


694 

560 

510 

610 

851 

827 

716 

2,165 

1,781 

1,612 

1,4:^ 

1,175 

2,480 


681 

716 

1,007 

1,061 

1,061 

8,126 

2,179 

2,109 

11,155 

26.420 

28,540 

18,460 

10,110 

6,510 

6,080 

4,025 

8,800 

10.3R6 

10,680 

1,800 

5,880 

4,700 

3,950 

3,660 

8,425 

2,976 

2,825 

2,750 

2,900 

2,900 

2,750 


8,660 
2,:f76 
1,768 
1,508 
1,378 
1,248 
1,248 
1,187 
1,091 

995 
1,30) 
8,500 
.5,615 
3,875 
2,675 
1,755 
1,781 
1,573 
1,448 
1,891 

983 
8,970 
7,060 
4,325 
3,200 
.3,20) 
2,975 
2,480 
2,1.37 
1,927 
1,651 


Nov. 


2,480 
2,196 
8,187 
1,966 
1.886 
2,480 
2,833 
1,997 
1,869 
1,766 
1,765 
1,661 
1,660 
1,681 
1,480 
1,480 
6.790 
7,680 
4,860 
3,200 
2.480 
2,236 
2.198 
2,375 
2,277 
1,765 
1,061 
1,T29 
1,469 
1,496 


I  n. 


1,521 
1,496 
1,391 
1,826 
1,287 
1,466 
1,534 
1,443 
1,378 
1,378 
1,813 
1,313 
1.248 
1,261 
1,175 
1,839 
1,365 
1,175 
1,139 
1,115 
1,339 
2,805 
2,187 
1,886 
1,729 
1,661 
1,469 
1,211 
996 
1,496 


Dec. 


1,681 
1,889 
1,496 
1,496 
1,480 
1,891 
1,889 
1,800 
1,800 
1,116 
1,116 
1,285 
1,026 
1,690 
1,480 
1,366 
1,886 
1,800 
1,1.39 
1,211 
3,125 
4.626 
4.250 
3,350 
3,125 
2,900 
2.480 
1,869 
1,869 
1,885 
1,820 


1,430 

1, 175 

995 

965 

818 

899 

996 

966 

783 

706 

738 

783 

875 

705 

818 

818 

818 

818 

760 

760 

760 

760 

818 

1,139 

1,886 

1,.560 

2,193 

12,7.50 

13,810 

7,770 

401 


The  daily  discharge  dnring  January,  Febmary,  and  March  is  only  approxi- 
mate, owing  to  the  ice  conditions.  From  March  4  to  22, 1904,  the  discharge  wa.s 
estimated  from  the  measurement  of  March  8,  which  was  approximately  50  per 
cent  of  normal  conditions.    This  was  due  to  an  ice  gorge. 
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Estimated  monthly  discfuzrge  of  Chenango  River  at  Binghamtoji,  N.  F., 

1901-1904. 

[Drainage  area  1,590  square  milea.] 


Month. 


1901. 

August -  - 

September .   . . 

October 

November  _ . . 
December 

1902. 

January 

February 

March     .   

April  - - 

May 

June  - 

July  

August 

September .    . 
October 
Noveml)er . 
De  emlier    . 

The  year 

1908. 
January .         . 
February 
March 

April  .     . 

May  .    ... 

June         ...    . 

July  ...    

August 

September  ... 

October 

November .  . . 
December 

The  year 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


2, 165 
1,091 
1,846 
3,800 
27,630 


5, 105  ; 
5, 530 

35,950  j 
5, 700 
2,067 
8,495  I 

17,400 
6, 510 
3, 575 

10,680 
4, 175 

15, 405 

35, 950 


14,775 

14, 050 

20, 600 

7,770 

1,007 

5, 700 

2,8*35 

16,560  i 

7,500 

38.540 

7,680 

4, 625 

28, 540 


208 
304 
480 
285 
1,115 


827 

804 

4,325 

1,417 

782 

1,235 

1 ,  859 

827 

410 

1,187 

1,313 

1,248 


410 


2,081 

1,807 

4,325 

1,067 

314 

103 

570 

600 

716 

661 

1,4:^0 

l,tl5 


Mean. 


576 
524 

807 
1,204 
4, 750 

1.960 
1,339 
11,717 
3,246 
1,307 
1,820 
6,011 
2,002 
809 
2,539 
1,999 
4,273 


3,252 


5,289 
5, 291 
10,114 
3, 210 
608 
1,737 
1 ,  039 
2,812 
1,763 
6. 243 
2.385 
1,886 


Rnn-off. 


Second-feet    Depth 


per  square 
mile. 


1.28 

.87 
7.64 
2.12 

.85 
1.19 
3.92 
1.30  ' 

.53 ; 

1.66  I 

1.30 

2.79 


m 
inches. 


0.44 
.38 
.61 
.87 

3.57 


1.48 

.91 

8.81 

2.87 

.98 

1.33 

4.52 

1.50 

.59 

1.91 

1.43 

3.22 


2.12 

3.44 
3.44 
6.59  ' 
2.09  I 

.40  I 
1.13 

.68 
1.83 
1.15 
4.07 
1.55 
1.23 


3.99 
3.58 
7.40 
2.33 

.46 
1.26 

.78 
2.11 
1.28 
4.69 
1.73 
1.42 


Per     B^n'»" 


cent 
of 
rain- 
fall. 


m 
inches. 


9 
12 
81 
81 
65 

108 
29 

241 

136 
36 
22 
54 
48 
17 
47 

117 
71 


29. 07       67 


103       3,582 


2.30     31.21 


145 

142 

147 

140 

142 

19 

20 

31 

81 

60 

79 

55 

71 


I 


4.  .50 
3.12 
1.88 
2.70 
5.34 


1.83 
2.99 
3.56 

1.68 
2.64 
5,87 
8.07 
3.07 
3.28 
3.92 
1.21 
4.36 

41.97 


2.67 
2.45 
5. 03 
1.61 
.31 
0.62 
3.79 
6.72 
1.55 
7.64 
2.12 
2.50 

43.00 


AXOSKSON 
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Esftimated  monthly  discharge  of  Chenango  River  at  Dinghamton,  X,  V'., 

1901-1004— Continued. 


Diiicharge  in  second-feet. 


Run-off. 


Month. 


I 


Maximnui. .  Minimnm.      Mc^an. 


Sooond-f^et 

\M>r  Muoare 

milt*. 


1004. 

Jannary |  10,490 

February. 18,030 

March 28,540 

April _ 13,150 

Mav 5,190 

June 4.100 

July 2,450 

August 4, 475 

September 2.480 

October  . . 8, 970 

November 2,305 

December 13,810 

The  year 28,540 


1,391 

2, 2a-> 

2,680 
4,025 
1,417 
610  ' 
450  ' 
705  ' 
460  ! 
983  j 
995  ' 
401  I 


3,160 
6,390 
8,966 
7,037 
2,876 
1,518 
1,060 
1,641 
953 
2, 587 
1,429 
1,981 


2.06 
4.17 
5.84 
4.59 
1.55 

.990 

.691 
1.07 

.621 
1.69 

.932 
1.29 


Depth 

in 
inch(«. 


2.37 
4.50 
6.73 
5.12 
1.79 
1. 105 

.807 
1.23 

.693 
1.95 
1.04 
1.49 


401   8, 258 


2.12   28.82 


SUSQUEHANNA   RIVER  AT  WILKESBARRE,  PA. 

The  Wilkesbarre  station  was  established  by  E.  (1.  Paul  on  March 
30,  1899. 

The  standard  chain  gage  is  located  on  the  upstream  side  of  the 
Market  Street  Bridge.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker  is  40.83  feet.  The  gage  is  read  once  each  day 
by  W.  S.  Bennett,  the  bridge  keeper.  When  this  gage  was  estab- 
lished, there  was  found  to  be  a  gage  painted  on  the  bridge  pier, 
being  a  portion  of  one  established  b}'^  the  Weather  Bureau.  The 
lower  part  of  this  gage,  erected  in  January,  1898,  originally  consisted 
of  heavy  cast-brass  plates  graduated  to  feet  and  tenths.  The  gage 
plates  were  made  in  4-foot  sections  and  bolted  to  the  stone  bridge 
pier.  The  two  lower  sections  of  the  brass  plates  had  been  torn  away 
by  ice,  so  that  there  was  no  graduation  below  the  8-foot  mark,  but 
readings  were  made  by  the  figures  painted  on  the  stone  pier.  The 
zero  of  this  old  gage  is  at  the  base  of  the  dressed-stone  portion  of  the 
pier  and  is  reported  to  be  536  feet  above  sea  level.  During  low 
stages  of  the  river  the  water  recedes  from  the  pier,  rendering  it 
impracticable  to  read  the  gage.     So  far  as  ('ould  1h^  a^c^ertained,  this 
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has  not  been  connected  with  the  city  datum.  On  a(H;ount  of  the  low- 
water,  which  in  1897  had  gone  below  the  city  datum,  it  was  decided 
to  put  the  zero  of  the  new  gage  4  feet  below  the  zero  of  the  old 
Weather  Bureau  gage,  so  as  to  obviate  minus  readings.  In  order, 
therefore,  to  compare  with  former  records,  it  is  necessary  to  add  4 
feet  to  the  old  figures.  The  danger  mark  of  this  Weather  Bure.a,ii 
gage  is  at  14  feet,  or  18  feet  of  new  gage,  as  at  this  elevation  the 
west  bank  of  the  river  is  under  water  in  places.  River  reports  from 
this  locality  were  furnished  as  early  as  1888.  During  low  water 
measurements  were  made  by  wading  at  a  better  cross  section,  at 
Retreat,  10  miles  below  Wilkesbarre.  The  elevation  of  the  Markc^t 
Street  toll  bridge  above  the  river  bed  requires  65  feet  of  cable  to 
sound  across  the  section. 

Observations  of  fluctuations  of  Susquehanna  River  are  made  by  the 
Weather  Bureau,  above  Wilkesbarre,  at  Towanda,  Pa.,  where  the 
drainage  area  is  estimated  to  be  8,000  square  miles.  The  river  gage, 
made  of  iron  1  foot  wide  and  one-half  inch  thick,  is  on  the  east  side 
of  the  road  bridge  over  Susquehanna  River,  and  is  securely  bolted  to 
the  masonry  of  the  pier.  The  graduation  is  from  0  to  25  feet.  The 
highest  water  was  29  feet  in  March,  1869,  and  the  lowest,  —0.1  foot, 
in  October,  1895.  The  danger  line  is  at  16  feet.  The  elevation  of 
the  zero  is  633.7  feet. 

Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge,  which  has  a  total  span  of  700  feet  between  abutments.  The 
initial  point  for  soundings  is  the  end  of  the  iron  handrail  on  the  left 
bank,  downstream  side.  The  channel  is  straight  for  about  one-fourth 
mile  above  and  below  the  station.  There  is  a  bar  across  the  river 
about  one-half  mile  above  the  station,  and  another  at  about  the  same 
distance  below,  with  deep  water  between  these  two  points.  This 
makes  a  sluggish  current  at  low  stages.  The  right  bank  is  low  and 
overflows  at  a  gage  height  of  about  20  feet.  The  Jeft  bank  is  above 
ordinary  floods.  The  bed  of  the  stream  is  composed  of  sand  and 
gravel  and  is  somewhat  shifting.  There  is  but  one  channel,  broken 
by  3  bridge  piers.  There  are  a  few  willows  growing  under  the  right 
span.  The  bench  mark  is  the  extreme  west  end  of  the  stone  doorsill 
of  the  north  entrance  to  the  Coal  Exchange  Building.  Its  elevation 
is  32.99  feet  above  gage  datum. 
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measurenienta  of  Susquehanna  River  at  Wilkesbarre,  Pa,,  IS^U-IOOJ^. 


Hydrographer. 


18M. 


Mar. 

Jnne 

Jalv 

July 

Sept. 

Sept, 

Oct. 


30 
6 
26« 


^1 


IT 
16 


E.  G.  Paul 

do  .... 

do  .... 

do  .   .. 

do    .. 

do  .   .. 

do 


1900. 
May   30 
Sept.  36« 

1901. 
Aug.  30 

1902. 
Sept.  20 

1903. 
Mar.     4 
Apr.     8 
Aug.     4 
Oct.     10 

1904. 
July    20 
July   21  «> 
Sept.  15 
Oct.      1 
Nov.     5  ; 
Xov.     7  ' 


E.  G.  Paul 
do  -  .. 


E.  G.  Paul 


E.  C.  Murphy . 

do 

John  C.  Hoyt- . 
W.  C.  Sawyer. 

N.  C.  Grover . . 

do 

JohnG.  Hoyt 

do 

H.  D.  Comstock 
do 


Q»g© 
beigbt. 

FrtU 

9.00 
4.80 
2.80 
2.80 
2.30 
2.30 
2.a5 


Art«of 
fMH*tion. 


Mean 
relcM'lty. 


chance. 


Sq.  ft.       Ft.  prr  jrr 


6,846  , 

3,064  > 

1,223  ' 

1,508 

2,198 

1,115 

1,054 


5.60  '     3,599 
2.20       1,023 


3. 10       3, 154 


E.G.Paul    3.10      3,154 


13.50 
8.86 
4.00 

19.00 

4.05 
4.20 
3.70 
4.75 
4.61 
4.49 


9,996 
6,920  I 
3,489  ' 

13, 163 

I 


8.62 

1.20 

1.57 

.90 

.38 

.98 

1.06 

1.88 
.93 


3,864 

1.13 

4,382 

4,077 

1.15 

4,680 

3,670 

.96 

3,540 

4,220 

1.44 

6,090 

4,218 

1.47 

6,189 

4, 057 

1.39 

5,660 

Src.'/t, 

24,800 
8,668 
1,924 
1,857 
851 
1.096 
1.114 

6, 772 
961 


.  69  .  2, 170 

i 

! 

.69  I  2,170 

I 

4.61  I  46,112 

3. 37  23, 247 

l.a-)  I  4,718 

6.57  I  86,500 


a  Measured  at  Retreat. 


b  Measured  at  Pittstou. 
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Mean  daily  gage  height,  in  feet ,  of  Susquehanna  River  at  Wilkesbarre,  Pa,, 

1899-1904, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

3.60 
8.30 
8.80 
8.20 
3.00 
3.00 
2.80 
2.90 
2.80 
2.80 
2.80 
2.90 
2.90 
3.00 
3.20 
3.30 
3.10 
3.00 
3.00 
3.00 
3.10 
3.00 
3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.60 
2.60 

8.00 
2.80 
2.70 
2.90 
2.90 
3.40 
3.90 
8.60 
3.40 
8.20 
8.10 
2.90 
3.00 
3.00 
8.00 
3.00 
2.90 
2.90 
2.80 
3.10 
3.20 
3.10 
3.00 
2.90 
2.90 
4.00 
3.70 
3.40 
8.20 
3.20 

3.  a) 

Aug. 

2.70 
2.60 
2.70 
2.60 
3.20 
8.00 
2.80 
2.50 
2.50 
2.50 
2.50 
2.50 
2.70 
2.80 
2.80 
2.80 
2.90 
2.70 
2.40 
2.30 
2.30 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
4.60 
4.10 
3.40 

3.20 
3.20 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.50 
2.40 
2.50 
2.50 
2.50 
2.80 
3.00 
2.90 
2.60 
2.70 
2.80 
2.80 
3.10 
3.10 

Sept. 

8.10 
2.90 
2.60 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
2.80 
2.30 
2,30 
2.30 
2.30 
2.30 
2.20 
2.50 
2.40 
2.50 
2.50 
2.60 

8.10 
8.00 
3.10 
8.00 
2.90 
2.80 
2.70 
2.70 
2.60 
2.60 
2.70 
2.70 
2.70 
2.50 
2.40 
2.50 
2.40 
2.80 
2.20 
2.20 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.80 
2.20 
2.20 
2.80 

Oct. 

Nov. 

Dec. 

1890. 
1 

8.40 

8.10 

7.70 

7.20 

6.90 

6.90 

7.40 

10.85 

14.10 

14.20 

12.80 

11.10 

11.30 

14.00 

14.30 

13.90 

13.40 

12.50 

11.30 

10.50 

9.90 

9.40 

9.00 

8.50 

8.00 

7.40 

7.60 

7.40 

7.10 

6.60 

6.90 

7.60 

9.80 

11.40 

11.10 

9.40 

9.60 

11.70 

12.20 

10.90 

9.20 

7.90 

7.30 

7.70 

8.10 

7.80 

7.60 

10.03 

12.45 

12.40 

11.10 

10. «) 

9.  .50 

11.80 

10. 70 

9.  .50 

8.40 

7.50 

6.90 

6.50 

6.40 

6.20 

6.80 

6.30 

6.40 

6.10 

6.70 

5.60 

5.40 

b.m 

6.10 

5.20 

5.10 

5.00 

6.00 

4.80 

4.80 

4.70 

4.90 

4.90 

5.40 

6.90 

6.80 

6.70 

6.60 

6.40 

5.10 

4  90 

4.80- 

4.80 

4.70 

6.10 
5.80 
6.50 
6.30 
5.20 
5.00 
4.80 
4.70 
4.60 
4.50 
4.50 
4.80 
4.90 
4.80 
4.70 
4.70 
4.90 
.5.00 
5.10 
5.60 
5.20 
5.00 
4.80 
4.60 
4.50 
4.30 
4.10 

4.a) 

3.90 
3.80 
3.70 

4.50 
5.50 
5.30 
6.10 
4.60 
4.30 
3.60 
3.60 
3.50 
3.60 
8.30 
3.20 
8.20 
3.20 
3.00 
3.10 
3.20 
8.20 
3.00 
3.00 
3.10 
3.00 
8.00 
2.90 
2,90 
3.10 
3.10 
3.30 
3.80 
4.00 

8.80 
8.70 
4.20 
8.90 
3.70 
8.80 
8.70 
3.60 
3.60 
8.80 
3.90 
4.30 
4.30 
4.80 
4.30 
4.00 
3.80 
3.60 
3.50 
8.40 
3.30 
3.20 
3.50 
3.30 
3.30 
8.20 
8.20 
3.10 
3.10 
3.10 

2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
2.40 
2.40 
2.40 
2.40 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.30 
2.30 
2.30 
2.20 
2.30 
2.30 
2.60 
2.60 
2.60 

2.80 
2.80 
2.80 
2.30 
2.80 
2.20 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.80 
2.40 
2.40 
2.50 
2.70 
2.60 
2.60 
2.70 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.60 

2.50 
3.00 
8.80 
6.7U 
7,30 
6.60 
6.90 
5.30 
5.00 
4.50 
4.20 
4.80 
4.90 
4.70 
4.60 
4.60 
5.20 
6.20 
5.30 
5.00 
4.70 
4.60 
4.30 
4.20 
4.00 
3.80 
3.80 
3.70 
a60 
3.50 

2.70 
2.00 
2.00 
2.50 
2.  TO 
2.80 
3.00 
2.90 
2.90 
2.90 
3.00 
3.10 
3.30 
8.50 
3.50 
3.40 
8.80 
3.20 
8.20 
3.10 
3.10 
3.20 
a60 
4.a) 
4.80 
4.70 
16.75 
20.75 
14.66 
11.80 

3.40 

2 

1  

3.  40 

8 

3.  44> 

4                  .    - 

8.40 

5                         

■ 

3.50 

6 :::::::!...::: 

3.&0 

7 i 1 

3.30 

8 

9                            

3.eo 

10 , 

3.3IJ 

11 ' 

3.au 

12 i 

s.aD 

13                                     1 

7.7I> 

U , ' 

9.0U 

15      .    .  . 

9.ei> 

16 1 ' 

8.0U 

17 

7.7i» 

18 ' 

7.91 

19 

6.5li 

20 

6.5«» 

21                          ' 

8.30 

22 

8.4() 

23 1 

7.4*> 

24 

6.60 

25 

8.40 

2B ' 

8.00 

27 , 

7.40 

ft.  80 

29 ... 1 

9.10 

30 

31 

9.00 

8.70 

10.40 
17.75 
14.55 
11.80 
9.90 
8.40 
8.20 
8.10 
7.70 
8.40 
9.00 
7.80 
6.80 
6.30 
5.70 
6.70 
9.00 
8.10 
8.80 
8.50 
10.85 
9.70 
9.20 
8.40 
9.90 
8.70 
8.10 
7.10 
7.00 
6.80 
6.50 

7.9r» 
7.70 

1900. 

1 :. 

2 

3 

4 

.5 

6.80 
6.20 
6.40 
6.80 
7.00 
7.00 
6.90 
6.80 
6.50 
6.10 
6.80 
5.90 
5.60 
5.90 
5.60 
5.50 
5.50 
5.20 
5.10 
5.80 
14.65 
16.85 
13.50 
10.31) 
8.50 
7.80 
7.90 
6.20 
9.20 
9.00 
8.70 

7.40 
6.80 

6.:« 

6.50 

8.40 

8.50 

7.90 

7.80 

14.45 

9.20 

9.  HO 

9.20 

9.20 

12.10 

13.66 

11.80 

9.20 

7.70 

8.90 

10.70 

9.80 

11.40 

16. 10 

14.75 

11.00 

8.80 

7.00 

8.50 

10.50 

9.20 

8.10 

7.40 

1     9.20 

«..  

4 

8 

ft 

11.90 

11.30 

9.90 

•     8.90 

10 

8.20 

11 

12 

13 

{t;;:;::..::::: 

16 

17 

18 

1ft 

7.«) 

6.eo 

6.2U 
6.10 
a  10. 30 
9.80 
9.20 
8.70 
9.2(1 

20 

21 

22 

Zi 

24 

9.eo 

9.40 
9.<V) 
8.W 
9.20 

25 

8.  HO 

36 

27 

12.80 
14.20 

28 

12.90 

29 

12.40 

80 

11.40 

31 

11.40 

a  Ice  backed  water  at  gage. 
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Mean  daUy  gage  height^  in  feet ^  of  Susquehanna  River  at  Wilkesbarre^  Pa., 


1S99-1904^( 

jontii 

med. 

■ 

i>*y 

Jan. 

Feb. 

M»r. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept. 

f)«t. 

Nov. 

Dec. 

1901. 
1 

10.00 

8.00 

0.20 

9.70 

7.80 

14.55 

4.50 

3.40 

5.80 

3.U() 

3,20 

7.30 

9 

10.00 
9.50 

8.40 
8.30 

6.10 
6.10 

8.80 
8.30 

7.20 
8.70 

11.70 
11.  ai 

4.00 
3.5(» 

3.20 
3.  (JO 

5.  ft) 
5.70 

3.70 

4.  a) 

8.20 
8.10 

6.70 

3 

6.80 

4     .- 

8.70 

8.40 

6.10 

9.30 

8.90 

10.60 

3.60 

3.(1) 

5.31) 

4.30 

3.10 

a  9. 30 

5  

M.50 

8.00 

6.20 

10.80 

8.10 

9.20 

3.60 

3.(1) 

5.01) 

4.00 

3.(U 

9.90 

« - 

7.» 

7.80 

6.00 

11.90 

7.511 

8.10 

3.60 

3.a) 

4.50 

3.90 

3.00 

9.40 

t .. 

7.10 

7.80 

5.90 

16.20 

6.80 

8.10 

4.30 

3.(10 

4.20 

3.70 

8.00 

9.00 

K 

7.110 

7.7t) 

5.80 

18.05 

6.30 

9.00 

4.00 

3.30 

3.80 

3.60 

3.(11 

8.30 

9 

7.90 

7.70 

5.70 

16.9r3 

6.9r) 

9.ai 

4.00 

3.20 

3.70 

3.40 

8.00 

8.70 

10 

7.90 

7.60 

6.50 

14.70 

5.80 

8.90 

3.90 

3.10 

3.50 

3.30 

8.00 

J1.70 

11.  - 

7.80 

7.00 

8.40 

13.20 

6.40 

8.00 

3.80 

3.20 

3.:«) 

3.20 

2.90 

12.10 

12.. 

7.80 

7.00 

18.80 

11.80 

7.80 

7.20 

8.80 

3.30 

3.31) 

3.20 

3.00 

11.70 

13  .     

8.10 

7.40 

12.20 

10.70 

9.50 

6.50 

3.6[> 

3.10 

3.30 

3.30 

8.01) 

10.10 

U 

9.00 

6.90 

9.70 

10. 10 

9.80 

6.10 

a50 

8.10 

3.80 

3.50 

3.50 

8.8!) 

15 

12.00 

7.00 

8.90 

9.00 

9.10 

5.90 

8.40 

3.20 

8.20 

4.10 

4.  a) 

20.40 

1« 

14.50 

7.10 

9.10 

9.30 

8.00 

6.70 

3.20 

3.  ft) 

3.30 

4.80 

4.70 

28.75 

17 

14.00 

7.30 

8.80 

8.90 

7.10 

6.50 

3.20 

8.70 

3.50 

4.40 

4.50 

22.80 

W 

13.00 

7.30 

8.80 

8.50 

6.70 

5.30 

3.00 

8.15 

3.80 

4.31) 

4.20 

15. 60 

19 

12.50 

7.20 

8.00 

8.10 

6.80 

4.90 

8.40 

5.60 

4.00 

4.20 

4.10 

11.(1) 

9) 

11.50 

6.90 

10. 10 

7.90 

7  At) 

4.70 

3.3r) 

4.80 

4.20 

4.00 

4.00 

8.20 

fl 

9.40 
^10.50 

6.90 

12.15 

11.05 

7.10 

4.60 

8.10 

4.60 

4.10 

3.90 

4.00 

7.W) 

•»•> 

6.70 

14.80 

18. 1(» 

6.50 

4.40 

3.0) 

6.95 

3.90 

8.80 

3  90 

9.50 

& 

11.00 

6.80 

14.50 

17.10 

6.40 

4.50 

3.10 

6.90 

3.70 

8.70 

3.K) 

11.20 

U 

11.00 

6.40 

12.90 

14.80 

7.90 

5.00 

3.10 

6.50 

3.50 

8.70 

3.80 

11.70 

25 

11.70 
11.00 
10.50 

6.40 
6.30 
6.20 

12.90 
18.80 
17.15 

14.70 
13.00 

9.00 
8.3r> 
7.00 

5.70 
5.70 
5.00 

8.00 
8.  a) 
2.90 

10.50 
9.20 
7.10 

3.40 
8.20 
8.20 

8.60 
3.40 
3.40 

6.00 
9.10 
7.60 

13. 70 

« 

13. 50 

27 

13. :« 

2». 

10.00 
9.50 

6.30 

21.40 
19.45 

11.00 
9.00 

7.40 
10.00 

4.20 
4.50 

2.90 

8.a) 

6.10 
5.30 

3.10 
8.30 

3.40 
3.20 

6.20 
5.50 

12.80 

» 

13.10 

a> 

9.ao 

9.10 

15.60 
12.90 

8.00 

16.85 
17.56 

4.20 

8.30 
8.60 

4.80 
4.90 

8.80 

3.10 
8.10 

5.70 

13. 10 

31 

13.50 

iffe. 

1 

14.00 

laoo 

12. 10 

12.70 
11.40 
10.80 

29.67 
30.75 
30.05 

9.70 
9.20 
9.00 

5.00 
4.90 
6.10 

4.10 
4.00 
3.90 

10.60 

10.50 

8.30 

8.80 

9.50 

11.10 

8.00 
8.50 
8.40 

9.60 
10.80 
10.60 

9.50 
8.30 
7.40 

5.10 

i 

5.00 

3 

5.(10 

4 

10.90 

10.70 

25.26 

8.50 

5.10 

3.90 

7.80 

9.00 

8.40 

8.50 

6.80 

5.20 

5 

9.60 

8.60 

20.20 

8.10 

4.80 

8.80 

8.50 

8.80 

3.20 

7.30 

6.40 

5.50 

« 

9.90 

7.00 

14.65 

7.90 

4.80 

3.80 

8.26 

7.50 

8.20 

7.10 

6.00 

5.90 

i 

9.80 

9.10 

11.66 

7.00 

4.70 

4.80 

12.70 

6.80 

3.20 

6.90 

5.80 

5. 80 

8 

9.00 

9.80 

10.70 

7.70 

4.70 

4.50 

14.20 

6.50 

3.20 

6.70 

5.50 

5.50 

9 

9.70 

9.60 

10.30 

11.85 

4.50 

4.40 

13. 15 

6.20 

8.20 

6.20 

5.  HO 

5.20 

10 

9.40 

9.40 

11.00 

15.80 

4.40 

4.20 

8.75 

5.80 

8.20 

5.80 

5.70 

5.90 

U 

9.20 

9.00 

12.50 

15.45 

4.30 

4.20 

9.00 

5.60 

8.60 

5.50 

5.00 

7.20 

12 

9.00 

8.20 

9.00 
9.00 

14.80 
18.00 

12.80 
14.40 

4.20 
4.10 

4.20 
4.10 

9.70 
8.50 

5.50 
5.40 

3.50 
3.60 

5.80 
6.50 

4.70 
4.70 

8  00 

13. 

1».85 

14 

7.20 

8.30 

19.00 

10.30 

4.00 

4.20 

7.40 

5.40 

3.50 

6.00 

4.70 

10.30 

15 

6.40 

8.00 

18.20 

9.40 

3.90 

4.20 

6.30 

5.20 

3.50 

5.80 

4.70 

9.30 

16 

6.80 
7.20 
7.00 
6.70 
6.10 

8.20 
7.80 
7.70 
7.80 
6.00 

16.80 
18.50 
20.20 
17.45 
14.30 

8.00 
8.00 
7.40 
7.00 
6.70 

8.80 
8.80 
8.70 
8.70 
3.60 

4.30 
5.00 
4.70 
4.40 
4.60 

5.80 
5.40 
6.20 
5.10 
5.40 

5.00 
4.00 
4.40 
4.20 
4.10 

3.40 

3.:^o 

3.30 
3.20 
3.10 

5.90 
5.90 
5.60 
5.30 
4.90 

4.60 
4  50 
4.40 
4. :«) 
4.20 

10  70 

17 

13.45 

IX 

13.70 

19 

12.40 

i) _ 

11.30 

21 

6.20 
10.60 

6.00 
0.50 

11.00 
10.20 

6.40 
6.20 

3.50 
3.50 

4.30 
4.30 

12.10 
15.90 

4.00 
4.00 

3.10 
3. 00 

4.80 
4.90 

4.20 
4.20 

10. 00 

22 

15.60 

ii 

16.70 

6.40 

9.70 

6.00 

3.50 

4.20 

13.90 

4.00 

3.  (X) 

5.20 

4.10 

17.66 

34 

12.20 
10.70 
9.70 
8.90 
8.20 
7.70 

7.20 
7.20 
7.70 
8.80 
14.03 

9.00 
9.50 
9.00 
8.50 
8.00 
9.00 

6.70 
5.50 
5.20 
6.00 
4.80 
4.70 

8.70 
3.70 
3.70 
8.80 

a9o 

4.60 

4.20 
4.20 
4.20 
4.10 
8.90 
3.80 

13. 45 
13.  a5 
14.90 
11.70 
9.70 
10.80 

^.90 
8.90 
8.80 
8.70 
3.60 
3.60 

3.00 
3.00 
4.20 
7.10 
6.00 
7.90 

5.00 
4.70 
4.70 
4.60 
7.62 
11.05 

4.10 
4.10 
4.10 
4.50 
4.70 
5.00 

16.35 

25 

13. 70 

25 

11.00 

27 

9.70 

» 

8.50 

29 

8.00 

30 

7.00 

13.  ao 

10.40 
9.80 

4.90 

4.60 
4.20 

5.10 

lO.flO 
0.30 

3.60 
3.60 

10.70 
....... 

12.06 
11.10 

5.20 

7.00 

31 

6.80 

a  River  frozen  over. 


48 


^YDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  IOQl 


Mean  daily  gage  height ,  in  feet  y  of  Susquehanna  River  at  Wilkesbitrre,  Pa., 

1899-1904— Contiimed, 


Day. 


Jan.  I  Feb. 


1903. 
1 

8.50 

3 

11.00 

12.80 

13.00 

13.50 

9.70 

8.10 

7.90 

6.90 

6.80 

10.70 

10.00 

9.50 

9.10 

9.10 

10.00 

10.50 

10.40 

9.60 

8.70 

8.60 

9.40 

9.80 

10.40 

10.00 

9.60 

8.70 

8.20 

8.20 

14.54 

17.60 

9.00 
8.90 
8.50 
7.20 
6.50 
6.70 
7.20 
7.20 
7.30 
7.40 
7.30 
7.10 
7.00 
7.00 
6.70 
6.40 
6.20 
6.00 
05.90 
5.60 

<5.eo 

6.00 

12.70 

J18.20 

18.50 

3 

4 

5 

6 

7 

8....: 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1904. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

frll.60 

27 

*10.10 

28 

29 

fc9.00 

fc8.20 

ao 

M).20 

81 

18.90 

15.80 

13.10 

13.00 

14.  &5 

18.78 

16.50 

13.90 

11.30 

10.00 

8.60 

8.00 

8.50 

9.10 

11.00 

10.80 

9.30 

8.40 

7.40 

10.00 

9.20 

9.40 

10.00 

10.50 

10.90 

11.20 

10.40 

9.60 

10.20 


14.00 
13.00 
12.30 
11.60 
11.00 

&10.90 
11.60 

C21.70 
25.30 
24.60 
28.80 
22.00 
20.30 

/18.00 
17.00 
15.70 
14.70 
12.90 
12.60 

'^12. 90 
12.70 
12.90 
13.70 
12.80 
12.70 
12.60 
12.00 
12.00 
11.50 


May. 


20.40 

19.94 

16.28 

13.60 

11.30 

10.50 

12.10 

11.60 

16.20 

18.60 

17.94 

18.91 

17.80 

15.70 

13.20 

11.70 

10.60 

9.90 

9.60 

9.20 

8.70 

8.30 

13.92 

20.88 

21. 16 

18.00 

15.40 

12.60 

10.70 

9.90 

9.80 


10.80 

10.90 

11.15 

16.50 

al8.20 

17.20 

17.90 

25.20 

d30.60 

26.60 

24.00 

«22.00 

«19.30 

el7.40 

«15.90 

el4.90 

'•U.OO 

«13.00 

*12.50 

12.80 

13.60 

10.50 

9.70 

16.90 

16.90 

20.40 

22.90 

22.70 

18.40 

14.20 

11.70 


11.20 

12.00 

10.70 

9.70 

9.80 

9.90 

8.70 

8.80 

10.60 

10.80 

9.80 

9.00 

8.90 

8.30 

12.20 

14.20 

12.30 

10.50 

9.00 

8.00 

7.80 

6.80 

6.40 

6.10 

5.90 

5.70 

5.50 

5.80 

5.10 

4.90 


12.00 

15. 10 

15.80 

14.00 

12.00 

10.70 

10.20 

10.50 

11.00 

11.70 

16.20 

14.80 

12.10 

10.80 

9.70 

8.90 

8.30 

8.00 

7.90 

7.90 

7.80 

7.40 

7.10 

7.10 

7.00 

6.90 

7.20 

7.90 

12.40 

12.80 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


,80 
,60 
40 
,30 
,20 
10 
,00 
.00 
,00 
8.80 
3.70 
3.70 
8.60 
3.50 
3.50 
3.50 
3.40 
3.40 
3.30 
3.30 
3.30 
3.50 
3.80 
3.30 
3.10 
3.10 
3.10 
3.10 
3.00 
8.00 
8.00 


11.50 
10.50 
9.40 
8.40 
7.60 
7.00 
6.70 
6.80 
6.00 
5.70 
5.50 
5.20 
5.00 
4.80 
4.80 
6.10 
8.00 
7.90 
7.10 
11.20 
10.20 
8.50 
7.30 
6.50 
6.50 
6.70 
6.50 
5.90 
6.00 
5.50 
5.80 


Jane. 


July. 


2. 

2. 


2. 
8. 


8.00 
3.00 
3.00 
90 
90 
2.90 
2.90 
90 
00 
3.00 
2.90 
3.00 
0.60 
.5.00 
7.50 
6.40 
5.80 
5.20 
6.00 


4.80 
4.70 
6.80 
8.00 
8.93 
9.45 
10.40 
10.20 
8.00 
6.90 
7.60 


5.70 
7.40 
7.00 
6.40 
6.00 
9.10 
7.40 
6.40 
6.60 
11.60 
10.90 
8.50 
7.10 
6.20 
5.60 
5.20 
5. 10 


60 
,80 
50 
80 
10 
30 
,00 
3.90 
3.80 
3.70 
8.50 
3.50 
8.40 


5. 

4. 
4. 
4. 
4. 
4. 
4. 


6.90 
6.80 
6.10 
5.50 
5.40 
5.50 
7.80 
7.80 
9.40 
4.80 
4.40 
4.80 
4.00 
3.80 
8.70 
8.60 
3.60 
3.40 
80 
60 
80 


Aug. 


5.10 


4. 
4. 
4. 


70 
40 
40 


6.10 
5.20 


4. 
4. 


50 
10 
4.20 
4.70 


3.50 
3.50 
3.50 
3.50 
3.50 
8.50 
8.60 
8.70 
4.20 
3.80 
3.70 
4.10 
4.60 
4.20 
8.90 
8.80 
3.60 
8.90 
8.60 
3.70 
4.20 
8.80 
8.50 
8.40 
3.30 
8.40 
8.70 
3.60 
3.60 
3.80 
4.10 


4.60 
4.60 

4.  a) 

4.00 
4.80 
6.70 
7.90 
7.60 
6.80 
6.00 
5.70 
5.40 
5.50 
5.20 
4.90 
4.70 
4.50 
4.80 
8.90 
8.70 
3.80 
5.00 
5.80 
5.00 
4.60 
4.40 
4.80 
5.40 
9.15 
19.40 
16.88 


4.80 
4.40 
4.20 
4.80 
.5.80 
5.00 
4.40 
4.60 
5.00 
4.40 
4.60 
4.00 
8.90 
8.80 
8.60 
8.50 
3.40 
3.80 
3.30 
8.20 
8.20 
8.86 
8.70 
4.90 
6.40 
5.80 
5.80 
4.60 
4.80 
4.10 
8.90 


Sept. 


Oct. 


18.80 
11.90 
9.90 
8.40 
7.40 
6.70 
6.20 
5.80 
5.5:^ 
5.80 
5.20 
5.30 
6.00 
5.60 
5.20 
4.80 
4.60 
5.20 
4.80 
5.00 
4.80 


70 
40 
20 
00 
90 
8.80 
3.80 
8.70 
8.00 


8.70 
3.60 
3.50 
3.40 
8.40 
3.80 
3.80 
3.80 
8.50 
3.60 
8.80 
8.80 
8.20 
8.10 
8.60 
5.60 
4.80 
4.80 
4.40 
4.10 
8.80 
8.60 
8.40 
8.40 
8.40 
4.00 
5.40 
5.80 
5.20 
4.70 


8.60 

3.60 

3.60 

8.00 

3.60 

8.70 

8.80 

4.70 

10.70 

19.20 

21.25 

21.15 

18.15 

13.70 

10.50 

9.00 

8.00 

8.30 

12.50* 

12.40 

10.90 

9.40 

8.30 

7.50 

7.  a) 

6.80 

6.50 

6.20 

6.00 

5.80 

5.60 


4.80 
5.40 


I 
Nov.  '  Dee. 


5. 
5. 
4. 
4. 

4. 


90 
20 
70 
50 
80 
4.00 
4.00 
8.90 
3.80 
8.80 
8.90 
7.00 
8.80 
6.90 
6.00 
5.60 
5.10 
4.80 
5.00 
8.60 
10.20 
10.20 
8.80 
7.40 
6.90 
6.70 
6.40 
6.00 
5.90 


5.60 
5.60 
5.40 
5.2r) 
5.00 
5.00 
5.00 
5.20 
5.80 
5.00 
4.90 
4.70 
4.60 
4.  SO 
4.40 
4.20 
7.90 
12.90 
13.70 
10.80 
8.70 
7.10 
6.70 
6.20 
6.20 
6.10 
5.80 
5.60 
6.00 
7.70 


I     i 


5.80 
5.10 
4.90 
4.80 
4.60 
4.50 
4.50 
4.50 


4. 
4. 
4. 

4. 
4. 

4. 
4. 


.50 

.60 
40 
40 

.80 
20 

,80 
4.80 
4.80 
4.40 
4.80 
4.80 
4.80 
4.60 
4.00 
5.80 
6.50 
5.80 
5.00 
4.80 
4.20 
4.20 


7.:«> 
7.i5i> 
6.  TO 
5.20 

4.  an 

4.20 

4.ai 
4.r«i 

4-10 
4.UI 
3.70 
3.90 
4.70 
4.80 
5.  to 
tt.HO 
6.80 

6.a> 

5.m 
8.90 
9.00 
8.40 
8.W 
7.50 
7.10 
7.20 
10.40 
9.70 
9.20 
8.40 


4.20 
4.10 
4.20 
4.20 

aeo 

3.30 
3.50 

8.eo 

3.30 
3.20 
3.10 
8.30 
3.20 
8.30 
a20 
3.30 
3.30 
8.3[» 
3.  :*» 
3.40 
3.40 
8.40 
3.30 

a  50 
aeo 
a:*) 

3.5*) 
10.00 

iaK5 

13.30 
10.80 


alee  still  unbroken. 

b Closed  with  anchor  Ice  as  far  up  as  Ransom. 

cjce  started  at  5.15  p.  m.;  moved  until  February  10, 12.  m.    Gorged  below  city, 
tf  Highest  gage  reading  80.6. 
e  Still  gorged 

/Ice  blocked  as  far  as  Tunkbannock,  Pa. 

g  Ice  started  at  Plttston  at  1.80  p.  m.,  at  Wilkesbarre,  2  p.  m.    River  clooed  December  10  to  28, 
inclusive. 
h  Ice  blocked  as  far  as  Lacey  ville.  Pa. 
i\2  midnight  ice  still  running;  stream  nearly  full. 
> River  fuu  of  running  ice  ail  day;  10  p.  m.  very  little  ice  running. 
^Anchor  ice. 
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Rating  table  for  Susquehanna  River  at  Wilkesbarre,  /^.,  from  March  Jf/,  IS99^ 

to  Dtcember  J7. 1904. 


Oase 

height. 

1 
DiBcharge. 

a«ge 
height. 

Feet. 

Discharg*^. 
\Second'/eet 

U»ge 
height. 

Feet. 

Diflohurge. 

Sertmtl-fi'et . 

(}»ge 
height. 

DiflohATge. 

frft. 

Second-feet. 

Fr,t. 

Seitmd-fert 

2.0 

620 

4.3 

'       5, 070 

6.6 

13, 170 

9.8 

28.200 

2.1 

720 

4.4 

5, 340 

6.7 

13, 590 

10. 0 

29,200 

2.2 

H20 

4.5 

5. 620 

6.8 

14,010 

10.2 

30, 1(N) 

2.3 

9:10 

4.6 

5.910 

6.9 

14, 440 

10.4 

31,100 

2.4 

1,050 

4.7 

6.210 

7.0 

14, 870 

10.6 

32,100 

2.5 

1,180 

4.8 

6, 520 

7.1 

15,300 

10.8 

33,000 

2.6 

1,320 

4.9 

6, 8:^0 

7.2 

15,730 

11.0 

34,0(K) 

2.7 

1,470 

5.0 

7,150 

7.3 

16,160 

11.2 

35,000 

2.8 

1.630 

5.1 

7,470 

7.4 

16,600 

11.4 

36,0<K) 

2.9 

1,810 

5.2 

1      7,800 

7.5 

17,040 

11.6 

37,000 

3.0 

2,000 

5.3 

8,140 

7.6 

17,490 

11.8 

37,900 

3.1 

2,200 

5.4 

8,490 

7.7 

17,950 

12.0 

38,900 

3.2 

2.410 

5.5 

8,  a50 

7.8 

18,420 

12.2 

39,900 

3.3 

2,620 

5.6 

0,210 

7.9 

18,900 

12.4 

40,800 

3.4 

2.H40 

5.7 

9, 580 

8.0 

19,380 

12.6 

41,800 

3.5 

3,070 

5.8 

9, 950 

8.2 

20,360 

12.8 

42,800 

3.6 

3,:i00 

5.9 

10,330 

8.4 

21,340 

13.0 

43, 700 

'      3.7 

3.540 

6.0 

10, 720 

8.6 

22, 320 

18.2 

44,700 

3.8 

3,780 

6.1 

'     11,120 

8.8 

23,300 

13.4 

45, 700 

3.9 

4,030 

6.2 

11,520 

9.0 

24, 300 

13.8 

47,600 

4.0 

4,280 

■      6.3 

11,9:M) 

9.2 

25, 300 

'     14.0 

48,600 

4.1 

4, 540 

6.4 

12, 340 

9.4 

26, 200 

4.2 

4,800 

6.5 

12,750 

9.6 

27, 2(K) 

Table  based  on  discharge  measurements  of  1899,  1900,  1901, 1902. 1903,  and  1904. 
Well  defined  between  2  feet  gage  height  and  19  feet  gage  height.  Tangent  at 
8.«0  feet  gage  height  with  a  difference  of  500  per  tenth.    Table  applied  to  tenths. 


HYDROOBAPHY    OF   SUSQUEHANNA    BASIN.  t"c».   10». 

a  River  at  WUkeabam.  Pa.. 


Jan,     Feb,    H&r.    Apr,    Hay.   June,  July. !  Aog,    Sept. 


Aug,  1  Sept. '  a 

t.  j  Not. 

I>ee. 

■ 

J     1 

a.  MO 

1 

S 

slau 

i 

S:JB 
If 

17.WJ0 

31.  nil 

1 

BB.4ai 

3.  an  s.MOj 
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Menu  daily  discharge,  in  sevond-feit ,  of  Sn^qitehanmi  /Jtivr  at  \VilkeiffHtrn\  l\i,^ 


Jan.     Feb.     Mar.     Apr.    May.   Jane.  July.    Ausr.    Sept.     Oct.  ■  Nov.     Dec. 


1901.         I 

1 '  38.100 

? :«,!«) 

3 »,700 

4... 22,810 

5 21.  nap 

6 15.rj0 

7 ii>;aM) 

»<.  ..    ,  14,870 

41 1  18,«00 

Hi 18,900 

II.. 18,420 

12 18,420 

13 19,870 

14 24,,S0O 

u  :«,9uo 

1« 52.0fW 

IT   48,«)0 

IS 41,700 

19 4i.aoo 

20  3ft,6nO 

21 26,200 

42 31,8W> 

23. _ 34,000 

24 34.000 

25 37.400 

28 34.000 

27 Hl.OOO 

» 29.2U) 

29 28,700 


28.880 
21.340| 

2D.  860 
21,3K) 
19,:iH0 
18.420 
18,420 
17.960 
17.960 
17,040 
17.490 
17,490 
16,000 
14,44<» 
14.870 
15.»R» 
16.160 
16,100 
16,7ai 
14,44(» 
14.440 
13,aN» 
14,010 
12,340 
12.340 
11,980 
11.620 
11,930 


31. 
31 


25,800 
24.800 


19112. 

1.... 4.S6OO1 

2 4:}.7IJ0 

:i :ft),4(»' 

4 sisoo; 

,*>  2:,2«>i 

6 '  28,7(M» 

7  28.200 

8 27.200 

9 1  27,700 

10 '  28,200: 

11 :  25.300i 

12 -  24,3fW 

13 20,380 

14 15.730 

1.5 12,340 

16 14,010; 

17 15,730l 

18   14,870 

19 R690 

20 ,  11.120 

21. !  ujm 

22 i  :«.irt)| 

23... 67,7001 

24 39,900 

25 '  32,fi0f>j 

2b 27,700^ 

27 23,801K 

ft* 20.380 

29. 17.950! 

3(1 

31 


11.520 
11,120 
11,120 
11.120 
11.520 
10.720 
10,»J[» 
9.960 
9,580 
12,760 
21,340 
84,7rw 
39, 9U) 
27,700 
23,8rX) 
24,800 

23,:aoo 

20,860 
19.3H0 
29,600 
;».600 
54,00l» 
52,00(» 

4:i:«o 

43,300 
47,000 
71,100 
108,400 
90,:») 
58,800 
43.300 


42.300201.800 
38.000217,700 
3:i.  000:208, 2IK). 
32,6(K>148,8iN»> 
21,830  97,100 
14,870  52,900 
24,800j  37,20(^ 
28.2U0|  32,600 
27,200  30,600 
28,200!  34.000 
24.300  41,300, 
24,300,  54.000! 
24,300  78,00(> 
20,860^  91,70l» 
19,380'  79. 6U) 
20,3Bf»  61,000' 
18,420  82,10r^ 
17,950  97,100 
15,730  73,500 
18,170  60,6ri» 

18,170  a7.otw 


12,750 


30.  KM) 


12.340^  27,700 
la.raOj  27,2rK) 
1.5.730;  28,700 


17,950 

23,  ao 

48,800 


17,49ll 
45,2001. 


24,301) 
21,830 
19,380, 
24,300 
81,1(K> 
28,200 


27.700 
88.300 
20,860 
25, 811) 
33,000 
38.400 
(E),91R) 
78,400 
69.200 
53,3IN> 
44,700 
37,9(K) 
32,  «M) 
29.011) 
27,20(^ 
26.800 
23.800 
21.830 
19.870 
18.890 
34,200 
78.800, 
70,800 
54,000 
63,300 
46,70t) 
40.:«l) 
34,000 
27,200 
22,320 


27,700 
25,300 
24,a)0 
21,830 
19,870 
18,900 
17,490 
17,960 
38.100 
61.  (NV) 
58,400 
42,8a) 

51,  ax) 
a),  600 

26,200 

22,320 

19,380 

16,600 

14,870 

13,590 

12.340 

11.620 

10,7311 

9,580 

8.K'iO 

7,800 

7. 150 

6,520 

6.210 

0,8a) 


18,4S0 
16.730 
22,810 
23,8IX) 
19,870 
17.040 
14,010 
11.930 

io.:«) 
9.a'io 

12,310 
18,420 
26.700 
28,2(10 
24, 8U) 
19,380 
15,:«)0 
13,690 
14.010 
14,870 
15.300 
12.760 
12,340 
18.900 
24.aiO 
20.850 
17.490 
I6,a)0 

:e,  100 

68,900 
74,300 


51,300 

87,4(M) 

34.  (MM) 

32, 100 

26,a)0 

19.870 

19,870 

24.  ai) 

25.800 

23,8(1) 

19.380 

16.7:«) 

12. 750 

11.120 

10.  at) 

9.  .580 

8.850 

8,140 

6,8a) 

6,210 

6.910 

5.340 

5.6201 

9,210 

9.580 

9.580 

7. 130 

4.800 

5,eao; 

4,8U)' 
I 


5,020 
4.280 
3.070 

3.:ft)o 
3,:«J0 
3,a)o 

5,070 
4.2WI 
4,280 

4jm 

3,780 
3,780 

3,:«) 

3,  (CO 
2,840 
2,410 
2.410 
3,300 
2,840 
2.620 
2,200 
2,000 
2.2U) 
2.200 
2.000 
2.000 
1.810 
1,810 
2,UW 
2.620 
3,300 


2,840' 
2,410 
2,000 
2.000 
2.0(X) 
2,000 
2,000 
2,620 
2,410 
2,200 
2,410 
2,620 
2,200 
2,200 
2,410, 

8,a)0' 

8,540| 

20,110^ 

9,210' 

6,520 

6,910 

14.055 

14,440 

12,760; 

31,600 

25,:«) 

15,aM) 

11,120| 

8, 140' 

6,5201 

6,830. 


7,150 
6,830 
7,470 
7,470 
6, 5201 
6,520 
6,210 
6,210 
5,620 
5,340 
5,070 
4,800 
4,540 
4,280 
4.0a) 
3,780 
3,780 
3,540 
3,  MO 
3,a)0 
3.070 
3,070 
3.070 
3,540 
3,540 
3.540 
3,780 
4.090 
5,910 
5,910 
4.800. 


540 
280 
(») 
(14) 

780 
780 
520 
620 
340 
800 
8001 
800 
540 

a)o 
my 

800 
150 
210 
344)1 
910 
070 
070 
800 
800 
800 
800 
540 

oa) 

780 
470 


aK,ioo 

31,000 

20,8.50, 
18,420i 

21,  Ka) 

20.600, 

42,a)0i 

49.M)0 

44,400 

23,050 

24,  ax) 

27,700 

21,830 

16,600 

11,930 

9,960| 

8,490 

7.80(1 

7,47(» 

8,490 

39.400 

57,800 

48, 1(X)' 

45,000 

47.WMJ 

64.700 

37,4(X) 

27,70(1 

38,000l 

5e,  100, 

25,8001 


23,300 

28.700 

34,5(1) 

27.200 

23.300, 

17.040 

H.OlOi 

L«,75()' 

11,520| 

9,960 

9,2101 

8,850' 

8,49(> 

8,490 

7,a)0| 

7, 150 

5,9101 

5.340 

4,8(X)| 

4,f>40 

4,280 

4,280, 

4,280l 

4,0t«), 

i,(m 

3,780 
3,540 
3,a)0 

3,ax) 

3,300 
3,300 


9,960 
9.210 
9,080 
8.140 
7.160 
6,620 
4,8(X) 
3,7«) 
3,540 
8.070 
2,620 
2,620 
2.620 
2,620 
2.410 
2,620 
3,(170 
3,780 
4.2M) 
4,800 
4,540 
4,0a) 
8.540 
3.070 
2.840 
2,410 
2,410 
2.200 
2,620 
3.780 


8,300 
3.070, 
2.840 
2,840 
2.410 
2.410 
2.410 
2,410 
2,410 
2,410 

3.ax) 

3,070 

3,ax) 

3,070 
3,070 
2.840 
2,620 
2.620 
2.410 
2,2(X) 
2.2(X) 
2,  (MX) 
2.0(K)| 
2,(XlOl 
2,  (XX) 
4,8(X) 

15,  ax) 

10,720, 
18,  «X) 
32.000, 


4.na) 

3,  .540 
4.280 
5.070 
4,280 
4.(l«) 
3,540 
3,aX) 
2,840 
2,t») 
2,410 
2,410 
2.620 
3.070 
4,540 
5.070 
5,:i40 
5.070 
4.800 
4.280 
4,(E«) 
3, 780 
3.5401 
3,540 
3.a)0 
2.8401 
2,8401 
2,840, 
2.410 
2,2(X) 
2,200 


27,200 
aiO(l)i 

:«,  i(X): 

21.8:X) 
16,  itt)' 

I5,ax)i 

14.440 

ujm- 

9,9501 

8,8fi0' 

9.9501 

12,750 

10, 7201 

9.mi 

U),:»)i 

io.:«o 

9,2101 
8. 140, 

«,8:«) 

6.620 

6,830 

7,8(X) 

7,160 

6,210 

6,210 

5,910 

17,580 

34,2(X)| 

39,2tX) 

34,600J 


2,410 
2,410 
2.211) 
2,2(K) 
2,(XX> 
2,(XX> 
2.0(X) 
2.UX) 
2,  (MM) 
2,  (XX) 
1,810 
2,0(X) 
2,(XM) 
3,070 
4,280 
6,210 
6,620 

4,a)() 
4,540 

4.280 

4,280 

4,0(«) 

8,780 

3,780 

10,721) 

24,  ax) 

17,4a) 

11,520 

8,860 

9,6K) 


16.  lA) 
13.590 
14.(110 
26.aXJ 
28,7(X) 
26,200 
24.  ax) 

a).  850 
22.810 
:I7. 4(X) 
39,400 
lf7.4<X) 
29.600 

2:i:uo 

98, 9U) 
166.  ax) 
122.  :«x) 
59.6(X) 
34.0(M) 
a),  360 

18. 4a) 

a5.7(X) 
35,  (XK) 
37.4(X) 
47,100 
46.  ax) 
45,  ax) 
42.  ax) 
44,  ax) 
46,200 


28,700 

a).:«x) 
i6,aN) 
u.oioj 

12,340 

10, 7a) 

9,950 
8,8.50 
9.210 
9,580 
7, 150 
6.210 
6,210 
6,210 

6,210 
5,910 
5,6a) 
5,:i4() 
5.070 

4,ax) 

5,070; 

4,ax) 

4,540 
4,540 
4,540< 
4,540 
5,620 
6,210 
7, 150 

7,ax), 


7,470 
7.150 
7,150 

7,8U) 
8,850 

io,:«o 

9.950 
8.850 
7.800 

10,  a*) 

15,730 
19. 3K) 
28,400 
30, 100 
25,300 
32,  ax) 
46,  (XX) 
42.300 
40.  ax) 
35,5(X) 
29.  ax) 
59.500 
75,  lU) 
65,000 
47,1(X) 
34. (XX) 
27.700 
21,8:» 
19,380 
14,870 
14,010 


52  HTDROGRAPBT    OF   SDSQUEHAKNA    BASIN.  Ito.   109, 

JUeon  daily  diaphargf,  in  necond-fe^t,  of  Suaijuekaniia  fiiuer  at  Wilkesbarre,  fa,  , 

/S9S-/W4— Continued. 

Dar-  Jan-     Feb.     Msr.    Aiir.     Hay.   June.   JuIt.    Aug.  .'  Sept.  I  Oct.  '  Nov.     Vrec. 


■  M.ulo  ffi.3ah  ia.am  ia,mi 
.,  iB.eni  le.W  tt.suj'  ai,a«h 
J  i!».ii»  si.xai.  HK.Hm  jm.huu 
.'  ai.Tflo  £4,)tn  7e,auii  88.saui 
u  «,(!«]  on.  an  ai.wu 
^1  «.™  »,««■ 


e.5a>,  t.nm  tt.4' 


a,  Bill,  38.«IU| 

5,0:11  id.  run 

4.eaj  ».340l 

!    S,!iaill  111,111V 

]».rM>  RNH 

17.4911  H.mil 


3,301)    I 

3,l«>    I 
3. 311     1 


a,wm,   7,1 

H,4W1     H, 

H,H5U,  10, 7M. 
T«m'    »,2|0| 
T.XUil 


]oe.srai  ft.KU 
iae.<no  B.£in. 
m.auo  .-i.Ma 


From  February  8  to  March  1' 
of  ice  gorge. 


,  1904,  dischargee  reduced  50  per  c«nt  od  accoant 


HOTT 
ANDERSON 
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E^atinuUed  monthly  discharge  of  Stimjuehanna  Rii*er  at  \VUke»barre^  iVi., 

1899-1904^ 

[Diminaipe  area«  9,810  aqoare  miles.] 


Discharge  in  iierond-feet. 


ModUi. 


Matximnm.  l  Minimum. 


April  

May.     ... 

June     

July 

An^^nst  . . . 
September 
October... 
Korember . 
December . 


1899. 


1900. 


January  .. 
February  . 

March 

April 

May 

Jnne 

July 

AngOBt  ... 
September 
October... 
November - 
December  . 


50,100 

12,340 

8,850 

8,800 

5,910 

2,200 

1,320 

20,850 

27,200 


I 


The  year 


68,800 

68,200 

75,900 

41,000 

11,120 

6,520 

4,280 

2,410 

2,200 

1,810 

102,200 

49,600 


18.170  , 
6,210  I 
1,810 
1,320 
980  ' 
820 
820 
1,180 
2,840  i 

7,470 

11,980 

9,580 

12.760 

8,540 

2,200 

1,470 

1,060 

720 

720 

1,180 

11,120 


Mean. 


28,778 
8,574 
3.378 
1,965 
1,653  , 
1.140  i 
1,072  j 
7,046  ' 

12,694  ' 


18, 279 

28,226 

28,780 

26,848 

6,588 

8,606 

2,820 

1,686 

1,289 

1,120 

10,858 

27, 874 


Ran-off. 


Hooond- 

feet  per 

aqnare 

mile. 


Depth  in 
incheH. 


12, 606 


2.93 

3.37 

.87 

1.00 

.34 

.88 

.20 

.23 

.17 

.20 

.12 

.13 

.11 

.13 

.72 

.80 

1.29 

1.49 

1.86 

2.14 

2.88 

3.00 

2.42 

2.79 

2.69 

8.00 

.67 

.77 

.86 

.40 

.24 

.28 

.17 

.20 

.18 

.15 

.11 

.18 

1.11 

1.24 

2.79 

3.22 

1.29 

■ 

17.32 

54 


HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  lOO- 


Estitnated  monthly  discharge  of  Susquehanna  River  at  WUkesbarre,  Pa., 

1899-1904— Conixnned. 


Month. 


Discharge  in  second-feet. 


Rnn-off. 


Maximum.    Minimum.  '      Mean. 


1901.                           I  I 

January. 52,000  ' 

.                .   .  22,820  ! 

.   .         .         .   .  108,400  ' 

78.800  ' 

74,300  ' 

.  51,300  I 

I  5,620  ' 

31,600  I 

..    .    ..  9,950 

i  5,340 

.     I  24,800 

December" .1  166,300 


February 
March  . .   . 
April  .     - 
May  . 
June  -       - 

July 

August  - . . 
September 
October  . . . 
November . 


14, 870 
11,520 

18,890 
9,950 
4,800 
1,810 
2,000 
2,200 
2,200 
1,810 

13,590 


The  year '    1 66 ,  300 


1902.  ' 

January |  67,700 

February . .  48, 800 

March 217,700 

April ..  61,000 

May .-  7,470 

June 7,470 

July 57,800 

August 34, 500 

September 32, 600 

October 39,200 

November 26,700 

December 75,100 


The  year 


217, 700 


1,810 


29,018 

16, 278 

34,736 

39,255 

21,462 

15,676 

3,065 

7,405 

4,257 

8,570 

5,289 

41,752 


11,120 
12,340 
19,380 
6,210 
3,070 
3,780 
7,470 
3,800 
2,000 
5, 910 
4,540 
7, 150 


18,480 

26, 905 
28, 055 
66,697 
21,867 

4,847 

4,968 
29, 013 
10, 073 

4.918 
14,976 

8,395 
26,112 


2,000  ,      20,152 


Second- 

f^t  per 

square 

mile. 


Depth  in 
inches. 


2.96 
1.66 
3.54 
4.00 


2.35 

6.80 

2.23 

.49 

.51 

2.96 

.10 

.50 

1.58 

.86 

2.66 


3.41 
1.73 
4.08 
4.46 


2.19 

2. 52 

1.60 

1.79 

.31 

.36 

.75 

.86 

.43 

.48 

.36 

.42 

.54 

.60 

4.26 

4.91 

1.88 

25.62 

• 

2.74 

3.16 

2.45 

7.84 

2.49 

.56 

.57 

3.41 

.12 

.56 

1.76 

.96 

3.07 


1.08  I      26.95 


oProzeu  r>e4:4*mber  4  to  'Si.    Rating  table  assumed  to  apply  oorrectly. 
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Eaiimated  monthly  discharge  of  Stunptehanna  Rii^er  at  Wilke/^tarrr,  />#., 

/^Pi>-ysv;4— Continued. 


Discliargo  in  aooond-feet. 


Bmi-oif. 


Month. 


Maximnni.    Minimum. 


Mean. 


Seoimd 
f«et  per    i  Depth  in 
Hqaar«4     j   inrh««N. 
mile. 


1903. 

Jannary 66,100 

Febrnary  84.500 

March.  106,100 

April  49. 900 

May  6,520 

June           .  31,100 

Jtily  -         26.200 

Angiust  ...    90, 000 

September  .         .  47, 600 

Ctetober    .                                  .  106,900 

November 47.100 

December..                 31,100 

The  year 106, 900 

1904. 

January '  79,600 

February 75,100 

March 123,400 

April  .  63,900 

May 36.500 

June --   37.000 

July  _             ...  5,620 

Auicust      12,340 

September    8, 850 

October.. 30,100 

November 8, 850 

December            . .  47, 850 

The  year '  123, 400 


14.010 

29.310 

2.99 

3. 45 

16.600 

34, 970 

3.56 

3.71 

20, 850 

53. 502 

5. 45 

6.28 

6.830 

.23, 656 

2.41 

2.69 

2,000 

3,388 

.35 

.40 

1,810 

10, 265 

1.05 

1.17 

2,840 

7,877 

.80 

.92 

3, 540 

13,071 

1.33 

1.53 

3,300 

10,932 

1.11 

1.24 

3,300 

27, 377 

2.79 

3.22 

4,800 

12,986 

1.32 

1.47 

3,540 

13,583 
20,076 

1.38 
2.04 

1.59 

f,810 

27.67 

9,210 

21,860 

2.23 

18,350 

35, 720 

3.64 

3. 92 

16,600 

52, 530 

5.34 

6.16 

14,440 

31,290 

3.19 

3.56 

6, 520 

15, 750 

1.61 

1.86 

2,840 

11,180 

1.14 

1.27 

2.620 

3,636 

.371 

.428 

2,410 

5.194 

.  529 

.610 

2,200 

4,119 

.420 

.469 

3, 780 

11,260 

1.15 

1.33 

4,800 

5, 972 

.609 

.679 

J        2, 200 

7.660 
17,180 

.781 
1.75 

.900 

2,200 

23.76 

56  HYDROGRAPHY    OF   SUSQUEHANNA    BASIN.  [no.  109. 

SUSQUEHANNA  RIVER  AT  DANVILLE,  PA. 

This  station,  52  miles  below  Wilkesbarre  and  11  miles  above  the 
mouth  of  the  West  Branch,  was  established  on  March  25,  1899,  by 
E.  G.  Paul.     It  is  located  at  the  Mill  Street  Bridge,  600  feet  south  of 
the  public  square,  Danville,  Pa.,  near  the  Pennsylvania  Railroad  sta- 
tion at  South  Danville.     The  box  of  the  standard  chain  gage  is  bolted 
to  the  hand  rail  on  the  lower  side  of  the  bridge  200  feet  from  the  ri^ht 
bank.     The  length  from  the  end  of  the  weight  to  the  marker  is  42.85 
feet.     The  gage  is  read  once  each  day  by  E.  F.  Bell.     Discharge  meas- 
urements were  made  from  the  lower  side  of  the  Mill  street  covered 
wooden  highway  bridge.     This  bridge  was  carried  away  by  the  ice  on 
March  9,  1904.     From  that  time  until  the  water  dropped  below  ga^e 
height,  5  feet,  its  stage  was  observed  on  the  Weather  Bureau  gag^e. 
After  the  water  fell  below  5  feet  its  stage  was  measured  approxi- 
mately, until  September  30,  1904,  by  means  of  temporary  gages  set 
by  the  gage  reader.     This  bridge  had  a  total  span  of  about  1,300  feet. 
The  initial  point  for  soundings  was  at  the  end  of  the  wooden  hand  rail 
on  the  left  bank,  downstream  side.    The  channel  is  straight  for  about 
one-half  mile  above  and  below  the  station.    The  right  bank  is  low  and 
liable  to  overflow.     The  left  bank  is  high  and  is  not  subject  to  over- 
flow.    The  bed  of  the  stream  is  rocky,  with  some  gravel,  and  is  per- 
manent.    There  is  but  one  channel,  broken  by  the  six  bridge  piers, 
which  do  not  obstruct  the  flow  to  any  considerable  extent.     The  cur- 
rent is  moderately  rapid,  except  at  very  low  stages,  when  it  becomes 
sluggish.     The  bench  mark  is  the  extreme  south  end  of  the  stone 
doorsill  at  the  east  entrance  to  the  city  filter  plant.    Its  elevation  is 
31.7  feet  above  gage  datum. 


^SDK^N.I      FLOW   OF   H(T!M)UEHANNA    AT   DANVILLE,  PA, 


57 


Discharge  mecuuremeiifH  <tf  Susquehanna  Kif^er  at  fkinHtle,  /^i.,  lS9ii-UHK^. 


Date. 


Hydrogrftpher. 


Mar.   25 
June    K 


97 


July 
tJept.  16 
Oct.     17 


E.  (4.  PanI 

. .  do 
do 

do 

do 


1900. 

May    20     E.G. Paul 
Sept.  25  \ do  -- 

1901. 
Aug.  19     E.Q.Paul 


Oct.     27 


.  do  . 


1902. 
Apr.    22     B.G.Paul 
Sept.  19    do  ... 

1903. 
Mar.     5 


Apr. 
May 
Oct. 


9 
9 

8 


E.  C.  Murphy - 

..._do 

....do 

W.  C.  Sawyer 


leiffht. 


heiffi 


hWt. 
10.  <K) 

2.40 
2.00 
1.90 


7.50 
3. 10 

5.20 
2.75 

9.82 
8.00 
8.44 
8.46 


An«  of       Mean 
section,     velocity. 


10.971 
2. 2:V» 
1 ,  607 
1,265 
1,12:^ 


4. 60   8. 799 
1.60     798 


7,631 
2,051 

4,541 
1,998 

10,418 

8,848 
2,688 
2,846 


tiftitml. 
4.84 
1.76  , 
1.41 
1.18 
1.08 


8.68 

2.20 

8.17 
1.56 


2.01 


Dia- 
rhargo. 

Setitntf- 
fet't. 

47,646 

8, 927 


o  070 


1.427 
1.168 


2.76       10.515 
1.03  '  822 


27, 714 
4,510 

14,893 
3,115 


8. 72  39, 600 
3.66  I  38,000 
1.85  i      4,963 


5,728 


ROYT    AND 
▲NDBBSOXf 
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Rating  table  for  Susquehanna  River  at  WUkeabarre^  /^.,  front  March  JO,  1899, 

to  December  SI,  1904, 


Oage 
height. 

1 
Discharge. 

Seco9ui-feet. 

Gage 
height. 

1 

Feet. 

Discharge. 

Oaffe 
height. 

Feet. 

1 
Discharge. 

Second-feet. 

Gage 
height. 

Discharge, 

Feet. 

Second-feet.' 

Feet. 

Sectmd-feet . 

2.0 

620 

'      4.3 

5.  070 

6.6 

13, 170 

9.H 

28,200 

2.1 

720 

4.4 

5,340     1 

6.7 

13, 590 

10.0 

29,200 

2.2 

820 

4.5 

5, 620 

6.8 

14,010 

10.2 

30,100 

2.3 

930 

4.6 

5,910 

6.9 

14,440 

10.4 

81,100 

2.4 

1,050 

4.7 

6.210 

7.0 

14, 870 

10.6 

32,100 

2.5 

1,180 

4.8 

6, 520 

7.1 

15,800 

10.8 

33,000 

2.6 

1,320 

4.9 

6, 830 

7.2 

15,730 

11.0 

34,000 

2.7 

1,470 

5.0 

7,150 

7.3 

16,160 

11.2 

35,000 

2.8 

1,630 

5.1 

7,470 

7.4 

16,600 

11.4 

36,000 

2.9 

1,810 

5.2 

7,800 

17,040 

11.6 

37,000 

3.0 

2,000 

5.3 

8,140 

7.6 

17,490 

11.8 

37,900    . 

3.1 

2,200 

5.4 

8,490 

17,950 

12.0 

38,900 

3  *> 

2.410 

5.5 

8,850 

7.8 

18,420 

12.2 

39,900 

'       3.3 

2,620 

5.6 

9,210 

7.9 

18,900 

12.4 

40,800 

3.4 

2.840 

5.7 

9,580 

8.0 

19,380 

12.6 

41,800 

3. 5 

3,070 

5.8 

9, 950 

8.2 

20,360 

12.8 

42,800 

3.6 

3, 300 

5.9 

10,330 

8.4 

21,340 

18.0 

43,700 

3.7 

3,540 

^      6.0 

10, 720 

8.6 

22,320 

18.2 

44,700 

3.8 

3,780 

6.1 

11,120 

8.8 

23, 300 

13.4 

45, 7(K) 

3.9 

4,030    ; 

6.2 

11,520 

9.0 

24, 300 

13.8 

47,600 

4.0 

4,280 

6.3 

11,930 

9.2 

25, 300 

14.0 

48,600 

4.1 

4,540 

6.4 

12,340 

9.4 

26, 200 

4.2 

4,800 

6. 5 

12,750 

9.6 

27, 200 

1 

Table  based  on  discharge  measurements  of  1899,  1900,  1901, 1902,  1903,  and  1904. 
Well  defined  between  2  feet  gage  heigbt  and  19  feet  gage  height.  Tangent  at 
8.80  feet  gage  height  with  a  difference  of  500  per  tenth.    Table  applied  to  tenths. 
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^ean  daily  dttehurge,  in  aecond-feet,  of  Sutqueh^inna  River  at  IVilkeriiarre.  Pa. . 


D»y, 

Jan.     Feb- 

*Ur.    Apr. 

im. 

:::::::::::;;::;:;:  :::::;;:;;:;;  u;«( 

1«,8«) 

e:-: 

t».]IX 

;;;;:;!  If 

1 3S.W1 

ao 

pt. '  Oct,  I  No».  ,   Dec. 


8.o;u 
auTD 
8,au 


1^  K.an 
as.fiou 


I   II,  IS) 

4  SMno 
«  ».aro 
I  ss.an 

H  S.«1l) 


i'  ra.3on 
I  j6.au 
I  s3.auo 
I,  a,»o 
i  4B.nj 
il  vi.an 
il  iti.tnt 
n  m.nn 


HOTT 
ANDERSON 
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Mean  daily  discharge^  in  set'ond-fct't ,  of  Swtqiti'hanna  RiiH*r  at  WilkealHtrrv,  /*ri., 

JS9(t- i;f04— Continned, 


D«7. 


1901. 


Jan.     Feb.     Mar.     Apr.    May.    Jane.   July.    Aug.    Sept. 


1- 

•> 

a! 

4. 
5 

6 

« . 

y. 

10. 

II 

li 

13. 

14. 

15- 

16 

17 

1?». 

1». 

a). 

81 

2S- 

23. 

«4. 

25 

2B. 

27 

2H. 

29 

91 

31. 


Oct. 


Nov.     Deo. 


1. 

2 

3 

4 

5 

0. 

10. 

11 

12. 

13. 

14 

15 

16. 

17. 

IH 

19. 

fli. 

21. 

22. 

23. 

24 

25. 

26. 

27. 

2h. 

29. 

30. 

31. 


me. 


32,100 

;tt.ioo 

26,7U0 
22,810 
21,M3P 
15,730 
15,300 
14,870 
18,900 
18.900 
18,420 
18,420 
19.870 
24,3U0 
:«.9U0 
52.(110 
48.600 
41.70) 
41.300 
36,500 
2»,2a> 
31,600 
34,000 
34,000 
37,400 
:i4.UJ0 
31,600 
29.200 
28,700 
25,800 
24,  «K) 


4S,eOO 
4:},  7(10 

:ii),4a) 
3:{,5(«) 
27,200 
28,7IW 
28,200 
27.200! 
27,700, 
26,200i 
25,300 

24,aoo 

20,360 
15.730 
12.340 
14.010 
15.7d0 
14,870 
13,, "WO 
11.120 
11, 520 
32,  UV) 
67,7a> 
39,90) 
32,600 
27,700 
23.Ha» 
20.360 
17.960 
17,490 
45,200l 


22,320 
21,340| 
20.8fiO 
21,340 
19,380 
18,420 
18.420 
17.9fiO 
17,950 
17.040 
17,490 
17.490 
16.600 
14,440 
14.870 
15.:*)0 
16, 160 
16,  \m 
16,730 
14,440 
14,440 
13,/i0(» 
14,010 
12,340 
12.340 
11.930 
11.520 
11,990 


11.520 
11,120 
ll,12r» 
11,120 
11,520 
10,720 
10,3;«» 
9,tfi0 
9,580 
12,760 
21.340 
84.7(W 

:«.9a) 

27,7(i> 

23,800 
24.800 

23,:«) 

20,860 
19.380 
29,600 
:«.60O 
54,0IR) 
52,000 
43,:«M» 
43.300 
47,600 
71.100 
108,400 
90,3(M) 
58.800 
43,300 


42,30r»201,800 
W,  000217, 700 
33.000208.200 
32,(K10148.8(N» 
21,830  97,100 
14,870  52,900 
24,800  37,200l 
28,21K^  32.aiO 
27,200  30. 601  > 
2B,2U>I  34,000 
24,300  41.300 
24,:*)0  54.0W> 
24,3110  78.000 
20.850  91.700 
19,380  79, 601 » 
20,360  61.000 
18,420;  82,100 
17.9S(>  97.100 


15,730 


13.170  50,600 


18. 170 
12,730 
12,:i4f» 
15,730 
15.730 
17,950 
23,aiO 


73,600 


.37.000 
30.  UN) 
27,7(l» 
27,2(X) 
26,700 
24.300 
21,8;^0 


48,800^  19,:i80 
24,300 
31. 100 

28,200 


27.700' 
28,300 
20.860 
25.800 
33.  (MX) 
38.400 
0:i9(l) 
78.40) 
60.200 
53,300 
44.700 
37.9(1) 
:«,60) 
29.600 
27,20(» 
25,800 
23,80) 
21.830 
19,87(^ 
18.890 
34.200 
78, 80* 
70.80) 
54.0N) 
63.300 
46. 70) 
40.300 
34.0)0 
27.2110 
22,320 


27,700 
25,300 
24.3110 
21.830 
19,870 
18,900 
17,490 
17.950 

m,  100 

61.000 
58,400 
42.800 
51,300 
a),  OH) 
26.200 

22.:«o 

19.880 

16.600 

14,870 

13.601 

12,34(> 

11.520 

10.720 

9,580 

8.8ri0 

7,800 

7,  irio 

6,  .521) 
6.210 
6,830 


18,420 
16,730 
22,810 
23,800 
19.870 
17.040 
14,010 
11.930 

lo.rflo 

9,950 
12.  M) 
18.420 
26.700 
28.200 
24.800 
19.380 
16.300 
13,690 
14.010 
14.870 
1.').300 
12.750 
12.340 
18.900 
24.:4)0 
20.  KW 
17.490 
16.OI0 
:12.  lO) 
68.900 
74,300 


51,300 
37,4(H) 

:m,oiio 

32. 100 

26,:ioo 

19.870 

19.870 

24.. 300 

25,80) 

23.80) 

19.:«0 

15.  TMt 

12.760 

11.120 

10.330 

9.580 

8,850 

8.140 

6.830 

6.210 

5.910 

6.  .340 
6.6201 
9.210 
9.58(^ 
9,580 

7.  ir.0 
4,800, 
5,620 
4.80) 


7,150 
6,830 

r,470 
7,470 
6,  .520 
6,520 
6,210 
6,210 
5,620 
5,340 
5.070 
4.800 
4.540 
4.280 
4.030 
3,78(» 
3,7K) 
3,540 
3,540 
3, 300 
3.070 
3,070 
3.070 
3,540 
8.540 
.'1,540 
3, 780 
4.(K*) 
5.910 
5.910 
4,800. 


540 
280 
030 

m) 

780 
780 
520 
620 
.340 
8UI 
8U) 
800 
540 
80) 
800 
80) 
150 
210 
340 
910 
070 
070 
800 
800 
800 
80) 
.540 
030 
780 
470 


.5.620 
4.280 
3.070 
3,300 
3,:«I0 

3,:«)o 

5.070 
4.280 
4.280 
4.(W) 
3,780 
3,780 
3.30) 
3.070 
2.840 
2.410 
2.410 
3,300 
2,840 
2,620 
2,200 
2,00) 
2,20) 
2.200 
2.0)0 
2,000 
1.810 
1,810 
2,00) 
2,620 
.3.300 


:i2,10) 
31,01) 
2J),  860! 
18,420| 
21.830 
20,6001 
42,  .300 
49,900 
44,400 
23,060 
24,300 
27, 70) 
21,830 
16,600 
11,980 
9,950 
8.490 
7,80» 
7.470 
8,490 
39, 40) 
57,800 
48.100 
4.5.))()0 
47,OR» 
.54.70) 
37,400 
27,70i 
33,00)^ 

:«.  100 

25,800^ 


2,8401 
2.410 
2.  OK) 
2,00) 
2.0)0 

2,  (HI) 
2.000 
2,620 
2,410 
2,200 
2,410 
2,620 
2.20O 
2.2IM), 
2,410 

3,  .300 
8.640 

20.110 

9.210 

6,620 

6,910 

14.656 

14.440, 

12,760 

31. 60) 

26,:«)0 

15,300 

11.120! 

8,140 

6,620 

6,830 


23,300 

26. 70 

34. 50 

27.2(M 

23.301 

17,044 

14.0]( 

lit.75( 

11,521 

9,951 

9,21( 

8,85< 

8,491 

8,49( 

7,801 

7,1.5( 

5.91( 

5.344 

4,80 

4,544 

4,284 

4,281 

4,28( 

4,«* 

4,  (ID 

.3,780 

3,  •)44 

3,  .30 

3,O)0| 

g;.3oo 

8,300l 


9,950 
9,210 
9,580 
8.140 
7.164) 
6.620 
4.800 
3,780 
8,544) 
8.070 
2.620 
2,620 
2,620 
2,620 
2,410 
2,620 
3,070 
3, 780 
4.280 
4,80) 
4,540 
4.(0) 
8.540 
3,4174) 
2,840 
2,410 
2.410 
2.200 
2.620 
8. 780 


3.:«o 

3.070 
2.840 
2.840 
2.410 
2.410 
2.410 
2.410 
2.410 
2.410 
8,OI0 
3,070 
3,a)0 
3,074)! 
3,070 
2,840 
2,620 
2,620 
2.410 
2,200 
2.200 
2,0)0 
2.0)0 
2.000 
2,010 
4,80) 

15,:«) 

10.720 
18.0)0 
32.600 


4,030 
3.540 
4.280 
5,4)70 
4.280 
4,  (HO 
3.540 
3.311) 
2,840 
2.620 
2,410 
2,410 
2.620 
8.070 
4,540 
6.070 
6.:i40 
5,070 
4.80) 
4,280 
4,(00 
3, 780 
3,540 
3,540 
3,300 
2,840 
2,844) 
2,840 
2,410 
2,200 
2,200 


27,200 

:w,o)Oi 
:«,  looj 
21,8:*) 

16,  lO) 
15,300, 
14,440j 
13.  .5«)! 
11,. 5201 

9.950 

8,850 

9.9riO 

12.7.5(N 

10. 720 

9,950 

10.3:*) 

lo.:«o 

9,210 
8.140 
6,8.30 
6,  .520 
6,830 
7,800 
7,L50 
6,210 
6,210 
5,910 

17,  .580 
34,200 
:i9,200 
.S4,50> 


2,410 
2.410 
2.21M) 
2,200 
2.000 
2,00) 
2.0)0 
2.000 
2.4)00 
2.01) 
1.810 
2,010 
2.000 
8.070 
4,280 
6,210 
6,620 
4,80) 
4,540 
4,280 
4.280 
4.0*) 
.3.780 
:i780 
141,720 
24.800 
17.490 
11,. 520 
8,860 
9,680 


16,160 
18,  .590 
14.4)10 
25.800 
28.700 
26.200 

24.:*n 

20.860 
22.810 

:rr.44)0 
:*),40) 
:i7.4(*) 

29.600 

2:i:*)0 

166,300 

122.:**) 

50.600 
:i4.0O) 
20.860 
18.420 
26.700 
:i5,4NJO 
37.400 
47,100 
46.200 
46.200 
42,800 
44,200 
46,200 


26, 70) 

2(),:*«) 

16,0)0 

14.010 

12.:i40 

10,720 

9.960 

8.HnO 

9.210 

9.  .580 

7,150 

6.210 

6,210 

6,210 

6,210 

5.910 

6.620 

.5,:*io 

.5.070 

4,800 

5,070, 

4,800 

4,540 

4,540 

4,  .540 

4,  .540 

.5,620 

6,210 

7,1.50 

7,800 


7,470 
7,I.'i0 
7.1.50 
7,80) 
8,850 

10.:**) 

9.950 

8. 8ri0 
7.8(1) 

10.:**) 

1.5,730 
19.  .380 
28.400 

:*),  100 

26.300 

:*2.60) 

46,010 
42.800 
40.8(M) 

:«,.500 

29.200 
59,  .500 
76, 100 
65,000 
47. 100 
34.000 
27.700 
21.830 
19.380 
14.870 
14,010 


HYDROGRAPBY    OF   SUSQUEHANNA    BASIN. 


ori'  iri.au  e4.:< 


.  ilM 

«,»«0 

l{    S.140 

4,800 

is-SK 

?■  ?■«* 

'    S.OTD:     E.4IU 


««.l 

s-a 

;s; 

>-"»i 

3.«n 
B,aoo 

8,7f« 
1.840 


i  T.iai    3,c™ 

ll    4i8U)[  4&!9I>I 


From  Febmar;  8  to  Maicb  19,  1B04,  discharges  rednced  30  per  cent  o 
of  ice  gorge. 


HOTT    AND 
AXDKJISON 
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Estimated  monthly  discharge  of  Simquehamui  River  at  Wilheifbarre,  Pa,, 

1899-1904. 

[DralnAge  area,  MIO  aqiutre  miles.] 


Discharge  in  Hecond-feet. 


Ran-off. 


Monh. 


Haximum. 


Minimnin. 


1899. 

April 

May 

June 

Jiily 

Angnst  ....    .     . 

Se|)tember 

October 

November- 

December 

1900. 

Jannary 

February 

March 

April 

May 

Jime 

Jxily 

August 

September 

October 

November 

December  . .    

The  year  _ . 


50,100 

13,170 

12,340 

6,210 

8,850 

1,810 

3,800 

1,820 

5.910 

980 

2,200 

820 

1,320 

820 

20,850 

1,180 

27,200 

2,840 

68,800 

7,470 

63,200 

11,980 

75,900 

9,580 

41,000 

12,750 

11,120 

8,540 

6,520 

2,200 

4,280 

1,470 

2,410 

1,060 

2,200 

720 

1,810 

720 

102,200 

1,180 

49,600 

11,120 

102,200 


720 


Mean. 


28,778 
8,574 
3,378 
1,965 
1,653 
1,140 
1,072  , 
7,046 

12,694 

18,279 

28,226 

28,780 

26,848 

6,588 

3,506 

2,820 

1,685 

1,289 

1,120 

10,858 

27,874 


12, 608 


Hecond- 
■  feet  per 
square 
mile. 

Depth  in 
inches. 

2.93 

3.27 

.87 

1.00 

.34 

.38 

.20 

.23 

.17 

.20 

.12 

.13 

.11 

.13 

.72 

.80 

1.29 

1.49 

1.86 

2.14 

2.88 

3.00 

2.42 

2.79 

2.69 

3.00 

.67 

.77 

.86 

.40 

.24 

.28 

.17 

.20 

.18 

.15 

.11 

.13 

1.11 

1.24 

2.79 

3.22 

1.29 

• 

17.32 

54 
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Estimated  monthly  discharge  of  Susquehanna  River  at  WiUcesbarre,  Pa.. 

i^95^iP6>4— Contmned. 


Month. 


Diacharire  in  second-feet. 


Maximnm. 


Minimum. 


Mean. 


1901.  ! 

January 52, 

Febmary      .    . 22, 

March  ..                 .  108, 

April  .     .     -       '  78, 

May 74, 

June- ..   .  --   -    51. 

July :  5, 

August  -- 31, 

September  . . 9, 

October  . .  -    . -  j  5, 

November •  24, 

December  a I  166, 


000 
320 
400 
800 
300 
300 
620 
600 
050 
340 
800 
300 


14,870 
11,520 

18,800 
9,950 
4,800 
1,810 
2,000 
2,200 
2,200 
1,810 

13,500 


Theyear '    166,800 


1,810 


1902. 

January 67, 

February    . . 48, 

March 217, 

April - - I  61, 

May 7, 

June 7, 

July 57, 

August - .  '  34, 

September .  32, 

October 39, 

November 26, 

December 75, 


700 
800 
700 
000 
470 
470 
800 
500 
600 
200 
700 
100 


29,018 

16,278 

34,736 

39, 255 

21,462 

15, 676 

3,065 

7,405 

4,257 

8,570 

5,289 

41,752 


18,480 


The  year 


217, 700 


11,120 
12,340 
19.380 
6,210 
3,070 
3,780 
7,470 
3,300 
2,000 
5. 910 
4,540 
7, 150 

2,000 


26,905 
28,055 
66,697 
21,867 

4,847 

4,968 
29,013 
10,073 

4,918 
14,976 

8.395 
26,112 

20,152 


Run-off. 


Second-    I 

feet  per     Depth  in 


square 
mile. 


inches. 


2.96 

1.66 

3.54 

4.00 

2.19 

1.60 

.81 

.75 

.43 

.36 

.54 

4.26 


1.88 


2.74 

2.85 

6.80 

2.28 

.49 

.51 

2.96 

.10 

.50 

1.58 

.86 

2.66 


3.41 

1.73 

4.08 

4.46 

2.  .52 

1.79 

.38 

.86 

.48 

.42 

.60 

4.91 


25.62 


3.16 

2.45 

7.84 

2.49 

.56 

.57 

3.41 

.12 

.56 

1.76 

.96 

3.07 


1.98        26.95 


aProssen  December  4  to  31.    Rating  table  assumed  to  apply  correctly. 


HOTT 
AXXIBBSON 
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Estimated  monthly  diacharge  of  Stuajnehanna  Rii^er  at  WiikeMtam',  Mr., 

7*.W-yivM— Continued. 


DiBcharge  in  wwond-feet. 


Month. 


Maximum.    Minimum. 


1908. 

January 66, 100 

February  84.500 

March  106, 100 

April  49, 900 

May  6, 520 

June  81,100 

July  26,200 

August 90,000 

September      .  47,600 

October    .  .106,900 

November 47,100 

December. 31,100 

The  year 106,900, 

1904. 

January '      79,600 

February      75,100  ; 

March 123,400  ; 

April - 63,900 

May  .- :w,500 

June 37.000 

July.    5,620 

AURUSt      12,340  ; 

September  . .   8, 850 

October 80, 100  ! 

November 8, 850 

December 47, 850 

Theyear 123,400 


14,010 
16.600 
20.  WiO 

6.8:«) 

2,000 
1,810 
2,840 
3, 540 
3,300 
3,800 
4,800 
3,540 


9,210 

18, 350 

16,600 

14,440 

6, 520 

2,840 

2,620 

2,410 

2,200 

3, 780 

4,800 

2, 200 


Mean. 


Run-off. 


Second 

feet  per     Depth  in 


Hqnart* 
mile. 


inrheH. 


29,310 
:U,  970 
53, 502 
.23, 656 

3, 388 
10, 265 

7,877 
13,07! 
10,932 
27, 377 
12,986 
13,5a3 


2.99 
3.56 
5.45 
2.41 

.35 
1.05 

.80 
1.83 
1.11 
2.79 
1.32 
1.38 


21,860  I 

35,720 

52,530  j 

31,290 

15, 750 

11,180 

3,636 

5,194 

4,119 

11,260 

5, 972 

7,660 


2,200         17,180 


2.23 
3.64 
5.34 
3.19 
1.61 
1.14 
.371 
.529 
.420 
1.15 
.609 
.781 


3. 45 
3.71 
6. 28 
2.69 

.40 
1.17 

.92 
1.53 
1.24 
3.22 
1.47 
1.59 


f.810  I      20,076         2.04     '    27.67 


<W.   Ill 


3. 92 
6.16 
3.56 
1.86 
1.27 
.  428 
.610 
.469 
1 .  33 
.679 
.900 


1.75        23.76 


56  HYDROGRAPHY    OF   SUSQUEHANNA    BASIN.  [no.  109. 

SUSQUEHANNA  RIVER  AT  DANVILLE,  PA. 

This  station,  52  miles  below  Wilkesbarre  and  11  miles  above  the 
mouth  of  the  West  Branch,  was  established  on  March  25,  1899,  by 
E.  G.  Paul.  It  is  located  at  the  Mill  Street  Bridge,  600  feet  south  of 
the  public  square,  Danville,  Pa.,  near  the  Pennsylvania  Railroad  sta- 
tion at  South  Danville.  The  box  of  the  standard  chain  gage  is  bolted 
to  the  hand  rail  on  the  lower  side  of  the  bridge  200  feet  from  the  right 
bank.  The  length  from  the  end  of  the  weight  to  the  marker  is  42.85 
feet.  The  gage  is  read  once  each  day  by  E.  F.  Bell.  Discharge  meas- 
urements were  made  from  the  lower  side  of  the  Mill  street  covered 
wooden  highway  bridge.  This  bridge  was  carried  away  by  the  ice  on 
March  9,  1904.  From  that  time  until  the  water  dropi)ed  below  gage 
height,  5  feet,  its  stage  was  observed  on  the  Weather  Bureau  gage. 
After  the  water  fell  below  5  feet  its  stage  was  measured  approxi- 
mately, until  September  30,  1904,  by  means  of  temporary  gages  set 
by  the  gage  reader.  This  bridge  had  a  total  span  of  about  1,300  feet. 
The  initial  point  for  soundings  was  at  the  end  of  the  woo<len  hand  rail 
on  the  left  bank,  downstream  side.  The  channel  is  straight  for  about 
one-half  mile  above  and  below  the  station.  The  right  bank  is  low  and 
liable  to  overflow.  The  left  bank  is  high  and  is  not  subject  to  over- 
flow. The  bed  of  the  stream  is  rocky,  with  some  gravel,  and  is  per- 
manent. There  is  but  one  channel,  broken  by  the  six  bridge  piers, 
which  do  not  obstruct  the  flow  to  any  considerable  extent.  The  cur- 
rent is  moderately  rapid,  except  at  very  low  stages,  when  it  becomes 
sluggish.  The  bench  mark  is  the  extreme  south  end  of  the  stone 
doorsill  at  the  east  entrance  to  the  city  filter  plant.  Its  elevation  is 
31.7  feet  above  gage  datum. 
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Discharge  meamiremeiitH  of  Susquehanna  Hither  at  Danville,  F*a.,  IH99-lfHh'f. 


Bate. 


Hydrocrmpber. 


1899. 
Mar.  25     E.G.  Panl 

Jnne     8    do  . 

July    27    ...   .do 

Sept.   16    do 

...do 


Oct.     17 

1900. 

May    20     E.G. Paul 
Sept.  25  I do 

1901.     I 
Aug.  19  ;  E.G. Paul 


Oct. 


27 


do 


1902. 

Apr.    22     E.G. Paul 

Sept.  19   .....do 

1908. 

Mar.     5  E.  0.  Murphy . 

Apr.     9    do 

May     9    do 

I 

Oct.      8  ;  W.  C.  Sawyer 


heiirbt. 

Area  of 
section. 

Mean 
velocity. 

Dls- 
irhargo. 

hWt. 

.S<7.  /*'et. 

Feft  per 

Setinifh 
feet. 

10,00 

10,971 

4.:w 

47,646 

:j.oo 

2,  LW 

1.76 

3, 927 

2.40 

1 ,  607 

1.41 

2, 272 

2.00 

1 ,  265 

1.13 

1,427 

1.90 

1,12:^ 

1.08 

1,163 

4.60 

3,799 

2.76 

10,515 

1.60 

798 

1.03 

822 

7.50 

7,631 

8.63 

27, 714 

8.10 

2, 051 

2.20 

4,510 

5.20 

4,541 

3.17 

14,398 

2.75 

1,998 

1.56 

8,115 

9.83 

10,418 

3.72 

89,600 

8.60 

8,848 

8.66 

88,000 

8.44 

2,688 

1.85 

4,968 

8.46 

2,845 

2.01 

5,728 

• 
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HYDROGRAPHY    OF   908QUEHANNA    BASIN. 


[no.  100. 


Mean  dciily  gage  height,  in  feet,  of  Stiaquehanna  River  at  Danville,  Pa.,  1899-1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

6.95 

6.80 

6.35 

6.00 

5.65 

5.50 

5.66 

6.90 

10.50 

11.60 

10.45 

9.15 

8.95 

10.75 

11.55 

11.40 

10.85 

10.06 

9.05 

8.25 

7.75 

7.36 

7.05 

6.65 

6.20 

6.85 

5.70 

5.65 

5.36 

5.10 

6.60 
5.80 
6.75 
8.40 
9.30 
8.45 
7.40 
8.70 
9.75 
9.45 
8.26 
7.10 
6.30 
6.10 

6.  a) 

6.65 
6.35 
7.00 
9.76 
10.55 
9.K5 
8.95 
8.10 
8.»> 
9.30 
8.40 
7.40 
6.66 
6.10 
5.65 

o 

May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1899. 
1 

i.80 
4.66 
4.60 
4.60 
4.60 
4.56 
4.36 
4.15 
8.80 
3.70 
a70 
3.75 
8.80 
3.70 
3.70 
3.60 
3.00 
3.70 
3.00 
3.60 
8.60 
3.80 
3.80 
3.80 
3.80 
8.70 
3.60 
3.5) 
3.30 
3.20 
3.30 

5.36 
5.a"> 
4.80 
4.55 
4.40 
4.25 
4.15 
4.05 
4.00 
3.95 
3.85 
3.90 
4.10 
4.20 
4.00 
4.00 
3.80 
3.90 
3.90 
4.40 
4.40 
4.10 
3.90 
3.70 
3.00 
3.60 
8.40 
8.20 
3.20 
3.10 
8.00 

Biverl 

aao 

8.40 

8.70 

8.60 

8.50 

8.30 

8.20 

8.00 

8.00 

2.90 

2.90 

2.90 

2.70 

2.70 

2.60 

2.60 

2.60 

2.60- 

2.60 

2.50 

2.50 

2.60 

2.50 

2.50  1 

2.50 

2.70 

2.60 

2.60 

2.90 

8.20 



3.00 
2.90 
2.90 
3.50 
3.30 
3.10 
8.00 
2.90 
2.90 
2.90 
8.10 
3.10 
3.30 
3.30 
8.90 
3.50 
3.20 
8.00 
8.  a) 
2.90 
2.80 
2.70 
2.60 
2.00 
2.70 
2.60 
2.60 
2.50 
2.40 
2.40 

8.20 
3.00 
2.80 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.40 
2.60 
2.70 
2.60 
2.80 
2.80 
2.70 
2.70 
2.50 
2.60 
2.60 
2.50 
2.50 
2.60 
2.40 
2.40 
2.40 
2.40 
2.40 
2.80 

2.30 
2.80 
2.80 
2.20 
2.20 
2.80 
2.70 
2.90 
2.90 
2.70 
2.50 
2.50 
2.40 
2.31) 
2.80 
2.30 
2.80 
2.30 
2.30 
2.80 
2.20 
2.40 
2.80 
2.20 
2.10 
2.30 

8.  a) 

2.90 
2.60 
2.40 
2.40 

2.20 
2.20 
2.60 
2.30 
2.20 
2.20 
2.50 
2.80 
2.20 
2.20 
2.60 
2.30 
2. 40 
2.30 
2.30 
8.30 
2.30 
2.30 
2.30 
2.20 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.30 
2.20 
3.60 
3.20 

2.40 
2.40 
2.80 
2.20 
2.80 
2.10 
2.60 
2.80 
2.10 
2.10 
2.00 
2.00 
1.90 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.90 
1.90 
1.80 
1.80 
2.80 
2.10 
2.20 
2.10 
2.00 
2.00 
2.00 

8.80 
2.60 
2.50 
2.50 
2.80 
2.80 
2.80 
2.10 
2.40 
2.20 
2.10 
2.20 
2.10 
2.10 
2.10 
2.00 
1.90 
1.90 
1.80 
1.80 
1.90 
1.90 
1.80 
1.80 
1.80 
1.90 
1.90 
1.80 
1.90 
2.10 

2.20 
2.20 
2.20 
2.20 
2.80 
2.10 
2.10 
2.00 
1.80 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.70 
1.70 

2.10 
8.10 
2.10 
2.10 
2.00 
2.00 
8.00 
8.00 
8.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.90 
1.90 
1.90 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.90 
8.10 
2.30 
2.80 
2.10 
2,10 
2.10 
2.00 
2.00 

2.10 
2.60 
2.60 
6.10 
5.40 
6.70 
5.80 
4.70 
4.80 
a90 
7.30 
3.90 
3.70 
4.00 
3.90 
8.80 
3.90 
4.80 
4.40 
4.80 
4.10 
a80 
3.90 
8.60 
3.40 
8.40 
.3.30 
8.20 
8.10 
8.10 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.80 
8.40 
8.40 
2.60 
8..'iO 
2.50 
2..W 
2.50 
2.50 
2.60 
2.60 
8.70 
8.90 
8.90 
8.46 
16.60 
12.66 
10.20 

3  10 

2 

8  00 

3.             

S  00 

4             ..           

&00 

5 

8  00 

6 ] 

2.90 

"                         1 

1.-..     .... ....- 

8.10 

8 

8-10 

9    

8.10 

10    

3  CH) 

11                        

1 

8.01) 

12 

8.10 

13        . 

4  80 

14 

6.80 

16 

1 

7.80 

16 1 1 

7.60 

17 

6.70 

IK        ' 

6.10 

19                          

6.70 

20        .                 

5.40 

21 1 

5.60 

22 

6.90 

^ i 

6.80 

24 ! 

6.80 

25 



10.00 
9.25 
8.10 
7.35 
7.30 
7.55 
7.46 

7.55 
15.25 
13. 10 
10.65 
9.25 
7.10 
7.10 
7.30 
6.&5 
6.75 
7.50 
7.2f) 
6.40 
6.&') 
5.20 
4.90 
4.70 
4.90 
5.05 
5. 10 
7.95 
8.80 
7.% 
7.40 
7.40 
7.65 
6.95 
6.50 
6.86 
6.90 
6.65 

6.60 

2»? 

7.10 

27                         

6.90 

28 1 

6.40 

29 

5.80 

30 

6.00 

31 1 

1900. 

1 

2 

3 

4 

(") 
(«) 
(a) 
(«) 
(«) 
(«) 
(«) 
(") 
(«) 
(«) 
(«) 
(°) 
(") 
(«) 
(«) 
(«) 

(") 
(«) 
(«) 
9.40 
12.70 
11.95 
9.70 
7.80 
6.80 
6.45 
6.30 
5.80 
5.80 
(«) 

(«) 
(«) 
(«) 

(«) 
(") 
(a) 
(°) 

9^70 
9.90 
7.60 
7.80 
9.40 
9.00 
11.20 
10.40 
8.30 

7.:« 

5.70 

5.00 

4.70 

5.95 

12.15 

13.60 

11.05 

8.95 

6.85 

5.45 

8.75 
7.15 
5.90 
5.50 

5 

7.10 

6 

7 

8.80 
9.65 

8 

9 

10 

8.56 
7.50 
6.85 

11 

6.80 

12 

^i^ 

14-..- 

6..V1 
6.20 
6.(N) 

15 

16 

5.U) 
6.80 

17 

18 

19 

20 

21 

(0) 

22 

23 

24 

25 

(«) 
(a) 
(o) 

2« 

27 

28- 

29 

30 

7.06 
8.80 
7..'i5 
6.95 
6.65 

31 

6.80 

M»ON.]       *'I^>W    OF   8U8QUEHANNA    AT    DANVILLK,   I'A. 
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Mean  daily  gage  height^  in  feet  ^  of  Sn9qnehanna  River  at  Danville,  Pa., 

IS99-190jh-CoaiinTied. 


Days. 


1. 
2. 
3. 
4. 
5. 
6. 

6. 

9. 
10. 
11- 
12- 
13. 
M- 
15- 
16.. 
17-. 
18.. 
W. 
».. 
81.. 
28.. 
8S.. 
24-. 
S.. 
».. 
27.. 
».. 
29- 
20.. 
31.. 


1. 
2. 
3. 
4. 
5. 
6. 

m 
t  . 


IWl. 


iwe. 


Jan. 


5,70 

8.00 

(") 

(o) 
(a) 

(«) 
(«) 
(o) 
C) 
(o) 
(a) 
(«) 
(«) 
(«) 
("> 
(a) 
(") 
(«) 
(") 
(") 
(«) 

(«) 
(o) 

(a) 
(«) 
(«) 
(«) 
(") 
(o) 
(at 
(«) 


0.00 
0.2() 
5.40 
6.50 
0.7U 


Feb.  !  Mar. 


(«) 
(«) 

(«) 
(«) 
(«) 

(O) 

(fl) 

(«<> 
<«) 
(") 
(«) 

(«) 
(«» 

(O) 

(«) 
(«) 

(«> 
(«) 

<>) 
(") 

(o) 
C) 

(«) 
(«) 
(«) 
(«) 


Apr.    Kay.   June,  i  July 


Ang.    8ept.     Oct. 


Not.  I  Dec 


4.M5 
5.05 

(n 


(«) 
(«) 
(«) 
(") 
(«) 

(«> 

(") 
(«) 
(") 
12.(1) 
11.15 
H.50 
7.00  I 
7.30  I 
7.40  I 
0.1)0  I 
0.00 
0.00  > 
9.25 
11.85 
12.70 
11. a5 
11.25 
11.15 
,  13.85 
I  17.00 
10.85 
13.35 
10.46 


I 


20.07 
24.43 
26.07 
22. 25 
18.20 
14.50 


9 10.00 


10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
». 
27. 
28. 
29. 
30. 
31. 


9.45 

0.10 
0.30 

C) 


10. 
8. 
8. 
0. 


8.10 
0.45 
8.0O 
7.40 
0.00 
0.75 
0.40 
0.20 
5.66 


13.75 


75 

55 

85 

10 

10.25 

11.56 

14.15 

10.15 

15.55 

13.05 

14.25 

16.00 

15.00 

12.80 

10.05 

8.00 

8.00 

6.40 

7.20 

7.10 

7.06 

tt.05 

0.75 

8.15 

8.30 


t. 
0. 
0. 


8.80 

7.06 

7.20 

7.00 

8.05 

9.40 

8.00 

8.55 

7.80 

7.45 

10 

75 

60 

8.00 

8.15 

7.80 

7.46 

7.10 

0,76 

0.60 

0.00 

12.00 

15.25 

12.75 

12.06 

11.70 

10.06 

8.00 

.8.25 

7.35 


I. 
7. 

7. 
0. 


7.85 

00 

40 

10 

65 

6.45 

0.30 

0.50 

7.30 

11.00 

13.10 

11.20 

0.75 

8.05 

7.70 

7.05 

0.00 

B.35 

15 

00 

45 


0 

5 
5 
5.30 


0.05 
0.10 
0.50 
7.00 
7.35 
0.05 
0.05 
6.36 

5.ao 

6.50 
00 
70 
00 
05 
85 
05 
30 
5.80 
5.80 
70 
05 
75 
86 
5.40 
0.55 
40 
00 
40 


5. 
5. 
0. 

m 
I. 

7. 

m 
I. 

0. 


5. 
6. 
5. 
5. 


7. 
0. 
0. 


8.00 
12.70 
14.06 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


10 
00 
70 
50 
30 
4.10 
4.00 

4.ao 


40 
30 
20 
20 
20 
10 
00 
(K) 
3.00 
8.  HO 
3.80 
3.70 
3.00 
8.50 
3.50 
8.40 
3.30 
3.30 
3.20 
3.10 
3.10 
3.10 
3.00 
3.00 
3.20 
3.30 
3.20 
3.30 
8.50 
8.80 
3.70 


I 


18.00 

3.70 

0.06 

3.70 

9.05 

a  40 

9.15 

3.20 

8.%) 

3.10 

7  30 

3.10 

0.80 

3.10 

7.30 
7.00 
7.56 
7.00 
6.40 
5.00 
5.20 
5.00 
4.05 
4.00 
4.00 
4.45 
4.10 

4.  a) 

8.00 
8.00 


4. 
5. 
4. 
4. 
4. 


70  I 


25 
35 
70 
45 
10 
3.85 
3.80 


3.5(» 
3.40 
8.30 
3.30 
3.30 
3.20 
3.20 
3.0O 
3.70 
3.60 
3.50 
3.(V) 
3.50 
3.50 
3.00 
3.00 
3.70 
4.10 
4.00 
3.80 
HO 
70 
3.60 
3.50 
3.50 
3.00 


3. 
3. 


70 
70 
3.50 
4.20 


3. 
3. 


3.00 
3.40 

3.:«) 
3.:io 

3.20 
3.10 
3.00 
2.00 
2.00 
8.00 
8.10 
3.00 
2.00 
2.80 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


70 
00 
00 
00 
00 
00 
50 
70 


2.00 


0.10 
8.05 
7.40 
0.00 
0.00 
6.00 
8.50 
11.00 
10.45 
7.86 
7.25 
7.80 
7.00 
7.20 
5.55 
5.15 
4.85 


00 
40 


5.30 

11.00 

12.00 

11.30 

10.00 

11.00 

10.20 

H.30 

8.(W 

0.3[) 

8.30 


8.80 
3.(N) 
2.70 


2. 
2. 
2. 
2. 
2. 


00 
00 
00 
70 
00 


3. 10 
2.00 


3.10 


4.00 
5.10 
4.00 
4.00 
4.30 
4.25 
3.06 
3.70 
8.50 
3.35 


8.50 

3.25 

3.30 

3.10 

8.00 

3.00 

2.00 

3.06 

2.811 

8.00 

2.80 

3.10 

2.80 

8.10 

0.00 

8.40 

7.85 

8.50 

5.00 

3.50 

4.55 

3.00 

4.75 

3.00 

0.30 

3.40 

8.10 

3.40 

11.02 

3.10 

0.25 

3.00 

7.55 

2.00 

0.15 

2.80 

5.35 

2.00 

4.70 

3.20 

4.40 

7.70 

3.10 

7.75 

8.00 

8.70 

3.00 

8.20 

2.00 

7.20 

2.00 

0.75 

2.80 

5.85 

2.80 

5.45 

2.80 

5.20 

2.70 

5.00 

2.P0 

4.70 

3.00 

4.00 

3. 10 

4.50 

3.00 

4  50 

3.10 

4.40 

3.10 

4.30 

3.a) 

4.10 

2.00 

3.80 

2.  HO 

3.70 

2.70 

3.00 

2.00 

8.50 

2.00 

3.50 

2.00 

3. 40 

2.00 

3.40 

2.-7) 

3.40 

2.00 

3.30 

4.75 

3.20 

0.85 

3.20 

0.20 

3.20 

0.05 

3.10 

7.06 

«Ice. 

ft  Estimated. 

eFrosen  from  Jaoaary  0  to  8, 13  to  21,  February  3  to  27. 


8.80 
8.80 
8.85 
4.05 
3.85 
3.70 

3.50 ; 

3.30  « 
3.20  I 
3.20 
8.10 
3.  a) 
2.00 
3.00 
3.85 
3.00 
3.00 
8.00 
3.80 
3.00 
3.00 
3.50 
3.40 
3.30 
3.80 
3.20 
10 
10 
8.00 
3.00 
2.00 


3, 
3. 


8.05 
0.15  I 
0.05 
7.05 
0.75 
0.80 
6.50 
0.10 
5.00 
20 
00 
40 
0.00 
5.00 
5.25 
5.10 
5.10 
5.00 
4.70 
4.50 
4.20 
4.10 
4.20 
4.30 
4.20 
4.00 
5.00 
8.00 
0.70 
0.35 
8.20 


2. 
2. 
2. 
2. 
2. 
2. 
2. 


2.00 
2.00 
2.80 
2.80 
2.80 
70 
70 
00 
00 
00 
00 
00 
2.80 
2.00 
8.00 
3.45 
8.00 
3.00 
3.00 
3.60 
8.50 
8.80 
3.40 
3.40 
3.70 
6.17 
7.00 
5.85 


05 
35 


5. 
5. 
4. 
4. 
4. 
4. 


7.05 
0.30 
5.80 
5.45 
20 
00 
85 
70 
70 
50 
4.») 
4.20 
4.10 
4.00 
8.00 
8.00 
8.00 
8.80 
8.70 
3.00 
3.00 
3.00 
3..V) 
3.50 
3.50 
3.00 
3.80 
3.00 
4.00 
4.20 


4.10 

3.00 

3.00 

4.66 

5.06 

7.00 

08.30 

ft8.70 

ft  0.10 


I 


0. 
0. 


65 

80 


10.05 

8.00 

7.00 

14.05 

22.57 

20.05 

13.85 

10.25 

8.80 

7.10 

5.00 

5.10 

4.00 

4.75 

4.06 

5.10 

5.00 

5.20 

7.15 

0.80 


4.80 
4.20 
4.20 
4.00 
4.70 


00 

00 

80 

70 

30 

20 

80 

40 

5.00 

6.50 

7.80 

0.40 

10.30 

10.00 

0.40 

8.80 

12.70 

14.80 

14.40 


11 
0 

8 
7 


80 
75 
40 
00 
0.80 
0.30 
5.70 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  109. 


Mean  daily  gage  height,  in  feet^  of  Stisquehanna  River  at  Danville,  Pa,,  1899- 

i904— Cont'd. 


Day. 

Jan. 

5.20 
5.20 
6.10 
6.60 
7.30 
8.20 
7.40 
6.60 
6.00 
6.70 
09.40 

(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
(ft) 

(ft) 
(ft) 

<ft) 
(ft) 

(ft) 

fb 
«14.80 

(n 
in 
('•) 
(<•) 

C) 

in 

(r, 

('•) 
in 

C) 

in 
(n 
(<•) 

(O 

('•) 

C) 

('•) 
(♦•) 
(O 
(o 

rfl9.K5 
•^.00 
23.25 
19.85 
17.90 
16.00 
16.55 
15.05 

Feb. 

Mar. 

Apr. 

May. 

4.10 
4.00 
3.80 
3.70 
3.70 
3.60 
3.50 
3.50 
3.40 
3.30 
8.30 
3.20 
3.10 
3.10 
3.10 
3.10 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
3.00 
3.00 
2.90 
2.90 
2.80 
2.70 
2.80 
2.80 
2.70 

8.10 
8.00 
7.50 
6.40 
5.*) 
4.20 
3.70 
3.60 
3.60 
3.40 
3. 30 
3.30 
3.20 
3. 10 
2.90 
2.70 
3.90 
4.50 
6.30 
6.90 
7.20 
6.30 
4.90 
4.40 
4.10 
4.70 
4.40 
3.90 
3.70 
3.70 
8.90 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

4.80 
4.60 
4.50 
4.40 
4.30 
4.10 
4.10 
4.20 
4.30 
4.30 
4.10 
4.00 
3.80 
3.80 
3.70 
3.90 
3.90 
7.75 
10.10 
7.80 
7.50 
6.80 
5.80 
5.50 
6.20 
6.00 
4.80 
4.70 
4.30 
4.20 

Dec. 

1908. 
1 

"13.80 

al2.40 

al0.20 

"11.20 

"14.00 

"15.20 

"11.80 

"9.70 

"7.80 

"7.00 

"7.20 

"7.10 

"7.40 

"8.50 

"8.80 

"8.10 

"7.00 

"6.60 

"6.70 

"6.00 

(ft) 

(ft) 
(ft) 
(ft) 
(ft) 
(ft) 
10.85 

14.70 
14.10 
13.30 
12.70 
12.10 
11.70 
11.60 
13.10 
/20.00 
<n».86 
21.25 
19.50 
18.05 
16.90 
15. 40 
A13.90 
13.00 
12.40 
11.00 
10.60 
11.20 
12.30 
12.30 
12.40 
13.00 
11.70 
11.70 
11.40 
11.10 

16.40 
17.60 
14.40 
11.60 
9.60 
8.70 

9.  a) 

9.00 

10.40 

16.00 

14.60 

15.00 

14.80 

12.80 

11.40 

9.60 

8.70 

7.60 

7.60 

7.40 

7.00 

6.80 

8.00 

16.86 

18.05 

16.25 

12.80 

10.70 

9.30 

8.30 

7.80 

11.40 
11.30 
11.80 

'12.90 
13.80 
16.00 
17.25 
19.95 

J24.00 



....... 





14.25 
13.80 

is.a-i 

12.55 
11.75 

8.50 
9.80 
8.90 
7.80 
7.60 
8.30 
r.60 
7.20 
8.80 
9.30 
8.80 
7.90 
7.70 
7.30 
8.10 
11.35 
11.05 
9.05 
7.30 
7.10 
6.40 
5.90 
5.50 
6.30 
6.00 
4.80 
4.70 
4.60 
4.40 
4.20 

11.05 
10.85 
10.60 
10.40 
10.40 
9.70 
9.30 
8.80 
8.20 
7.90 
7.40 
6.80 
6.30 
6.10 
5.80 
5.40 
5.00 
4.70 
4.30 
4.10 
4.00 
3. 70 
3.50 
3.30 
3.30 
3.20 
3.00 
4.20 
5.30 
6.90 

2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.80 
2.90 
2.80 
2.70 
8.40 
3.10 
5.00 
6.90 
5.65 
5.00 
4.60 
4.25 
4.15 
4.00 
4.30 
6.40 
6.95 
7.75 
7.80 
8.55 
6.90 
6.80 
7.30 

4.00 
4.20 
4.70 
4.20 
4.70 
5. 10 
5.50 
4.70 
4.30 
4.90 
.7.10 
6.20 
4.80 
4.70 
4.50 
4.30 
4.00 
3.70 
3.30 
3.00 
2.80 
2.60 
2.01) 
2.50 
2.50 

2.:« 

2.30 
2.20 
2.10 
2.10 

6.50 
6.00 
5.55 
5.30 
5.00 
4.70 
4,70 
6.50 
5.30 
4.60 
4.00 
4.00 
8.90 
3.60 
3.60 
3.40 
3.30 
3.20 
8.90 
4.60 
4.40 
4.50 
4.40 
4.10 
3.80 
6.30 
4.90 
4.10 
%80 
3.80 
3.80 

2.00 
2.(X) 
1.90 
1.90 
1.80 
2.40 

2.:« 

2.10 
2.10 
2.00 
1.90 
1.90 
2.00 
2.40 
2.60 
2.20 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.90 
2.00 
1.80 
1.70 
1.50 
1.80 
1.80 
2.00 
2.20 

4.10 
3.90 
3.90 
3.70 
4.15 
4.85 
(J.  70 
6.45 
6.00 
6.60 
6.00 
4.90 
4.60 
4.70 
4.30 
4.30 
4.10 
3.90 
3.70 
8.50 
3.50 
3.85 
4.50 
4.20 
3.90 
8.70 
8.50 
3.70 
5.15 
10.73 
14.66 

2.40 
2.50 
2.50 
2.70 
2.90 
2.50 
2.40 
2.70 
2.90 
2.40 
1.90 
1.70 
1.70 
1.60 
1.60 
1.50 
1.40 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.80 
2.40 
2.90 
2.60 
2.50 
2.30 
2.00 
1.90 

11.60 
9.a5 
8.00 
6.90 
6.05 
6.60 
6.10 
4.90 
4.60 
4.30 
4.20 
4.30 
4.30 
4.70 
4.30 
4.00 
3.80 
4.30 
4.30 
3.90 
4.10 
3.90 
3.80 
3.70 
3.40 
3.80 
8.20 
8.20 
a20 
8.00 

1.90 
1.90 
1.80 
1.70 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
l.») 
1.31) 
1.60 
1.90 
2.20 
1.90 
1.70 
1.80 
1.50 
1.50 
1.90 
2.40 
2.90 
2.30 
2.00 
2.20 
2.70 
2.10 
2.40 

3.00 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.40 
4.70 
12.60 
16.60 
17.00 
15.40 
11.60 
8.96 
7.60 
6.80 
7.50 
9.00 
10.30 
9.40 
8.20 
7.20 
6.50 
6.00 
5.60 
5.40 
5.30 
6.00 
4.80 
4.80 

4.0(1 

2 

3 

4.0(1 
5.  ]fl 

4 

4.(M 

5 

6 

4.m 

3.flO 

7 

4.40 

8 

4.60 

9 

10 

4.00 
4.40 

11 

5.10 

12 

13 

14 

16 

16 

17 

in 
(<•) 

(C) 

in 
in 

ic) 

18 

in 

19 

(<•) 

20 

(n 
in 
{n 

(r) 

21 

22 

23 

24 

(«■) 

26 

26 

in 

27 

i-l 
in 

28 

29 

(<^) 

30 

(*•) 

31 

(*^) 

1904.* 
1 

2 

3 

4 



5 

6 

7 

8 

9 

10.... 

11 

12.... 

13  .. 

14... 

15 

16 

17.     . 

18 

19.... 

20 

21 

• 

22 

23 

24..  . 

26  . 

26.  .. 

27  . 

28 

29 



30 

81 



a"Wat«r  backed  up  by  ice. 
ft  River  frozen. 
'•River  frozen. 

('The  ice  started  at  11.30  a.  m. 
^The  ice  gorged  1  u.  m. 
/The  river  Ih  still  frozen  over. 

ff  The  ice  broke  and  gor^^ed  and  left  an  open  place  by  the  bridge, 
fc  The  ice  ia  still  jKoreed  in  the  river. 

'The  ice  gorge  is  still  in  the  river  above  and  below  town. 
JTho  ice  started  at  4  o'clock  and  the  water  backed  up  to  29  fiHJt. 

^  The  gage  heights  for  1904  are  somewhat  uncertain,  therefore  no  estimates  of  flow  have  been 
made. 


J) 
> 

H 

Z 
Si 

O 

c 

< 
m 

■n 
O 

a 

(/> 

c 
w 
O 

c 
m 

X 


z 


< 
m 

30 


O 

> 

z 
< 


m 

-0 
> 


<c 

IK 

>            0 

f     ^ 

N         a 

i        •         -^         OD         «o         e         I 

J 

0 

^. 

1 

\ 

\ 

, 

DiUUU 

8,000 

\ 

1 

i 

1      1 

\ 

IVfUUU 

12.000 

\ 

\ 

4A  /V^ 

\. 

10,MJV 

\ 

• 

1D(UUV 

> 

\ 

^  B0(000 
^  £2,000 

\ 

\ 

"S 

\ 

'  OiC/Mn 

-4-»^j 

\ 

^   Z^iOOO 

c 

9 
• 
m 

> 

ckt!o,iKJO 

M 

o 

3 

o 

9 

3 

3 

— 

5' 

1 

o 

a. 

C 

o         : 

3 

<H/«QlA/ 

m 

3 

99  fWW\ 

m 
n 

■Q 
O 

-3 c 

•       1 

•c  o^ 

)000 

ro  -  O 

3 
1^ 

\ 

1 

• 

x> 

:\ 

V^  . 

34,000 

■ 

I 

M 

\ 

a6,ooo 

u 
O 

\      '          ' 

\ 

3o«UQu 

\. 

40,000 
A9  nnn 

\ 

\ 

\ 

I 

^OfUUU 

\ 

xo  /wv> 

L,  .              ... 

A 

\ 

m 

9 
C 
"O 
"P 


P 

s 

? 


woraTOS.]      f'LOW   OF  SUSQUEHANNA    AT    DANVILLE,  PA. 


61 


Rating  table  for  Stuquehanna  River  at  Danville,  Pa.,  far  1899  to  1904, 


Gmoe 
height. 

Discharge. 

hei^t. 
Feet. 

Dischurge. 
Second-feet. 

Qage 
;    height. 

/     Feet. 

DisdiArge- 

0«ae 
height. 

Feet. 

Diflcfaarge. 

Feet. 

Second-feet. 

Second-feet. 

Second-feet. 

1.5 

700 

3.8 

6,880 

6.1 

1 

19,280 

9.8 

42,900 

1.6 

830 

3.9 

7,830 

6.2 

19,800 

10.0 

44,800 

1.7 

970 

4.0 

7,780 

6.3 

20,370 

10.2 

46,700 

1.8 

1,120 

4.1 

8,230 

6.4 

20,940 

10.4 

48,600 

1.9 

1,270 

4.2 

8,690 

6.5 

21,510 

10.6 

50,400 

2.0 

1,440 

4.3 

9.160 

6.6 

22,080 

10.8 

62,300 

2.1 

1,620 

4.4 

9.660 

6.7 

22,660 

11.0 

54,300 

2.2 

1,810 

4. 5 

10, 170 

6.8 

23,240 

11.2 

56,300 

2.3 

2,010 

1 

,      4.6 

10,700 

6.9 

38,820 

11.4 

58,300 

2.4 

2,230    1 

■      4.7 

11,250 

7.0 

24,400 

11.6 

60,400 

2.5 

2,470 

!      4.8 

11,820 

7.2 

25,600 

11.8 

62,500 

2.6 

2,720    . 

4.9 

1 

12,390. 

7.4 

26,800 

12.0 

64,600 

2.7 

3,000 

5.0 

12,960 

7.6 

28,000 

12.2 

66,700 

2.8 

3,280 

'      5. 1 

13, 530 

7.8 

29,100 

12.4 

68,900 

2.9 

3,580 

5.2 

14.100 

8.0 

30,300 

12.6 

71,200 

3.0 

3,900 

5.3 

14, 670 

8.2 

31,600 

12.8 

73,500 

3.1 

4,230 

5.4 

15,240 

8.4 

32,800 

13.0 

75,800 

3.2 

4,570 

5.5 

15,810 

8.6 

34,100 

13.5 

81,800 

3.3 

4,920 

5.6 

16,380 

8.8 

a5,400 

14.0 

87,800 

3.4 

5,280 

5.7    1 

16,950 

9.0 

36,700 

14.5 

94,300 

3.5 

5,650 

5.8 

17, 520 

9.2 

38,000 

15.0 

101,000 

3.6 

6,040 

5.9 

18,090 

9.4 

39,500 

3.7 

6.450 

6.0 

18,660 

9.6 

41,100 

1 
1 

1 

J 

IRR 

109—05 

-5 

HTDBOOBAPHT    OF   SUSQCEHAHITA   BASIN. 


Mean  daily  di«aharge,i 


tw 

]       FLOW   OP   St'SUUEHANNA    AT   DANVILLK,   I'A. 


HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


JIfean  daily  discharge,  i 


I.  July.   Aug.   Sept.    Oct.  \  Not.  '  Dei-. 


a,580.  in.iTi)  iii.K«i 


S.SNI    3.&t\  il.ii 
S,»W    3.!i8n,  U.tTi 


EatiToaied  monthly  diteharge  of  Sugquehai 

[Drslliage  area,  11,070  aq 


March  (25-31) 

April 

May- 

Jtme 

Jnly 

AnguBt 

September 

October 

November 

December  (1-30) 


at  Danville,  Pa.,  1899-1903. 


HOTT   AXDl 
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Estimated  monthly  discharge  of  Suniuehanna  Hirer  at  Iktnville^  Pit,,  lS09-nH)3, 


Month. 


DtechATge  in  necond-feet. 


Run-off. 


Mazlmnm.    Minimum. 


1900. 

January  (21-31)« 

February  (9-28) « 

March 

April 

May 

June 

July 

Angnf!t    -  - 

September    

October 

November 

December  ( 1-16  and  26-31 )  o. 

The  year 


72,300 

81,800 

104,300 

50,000 

14,950 

7,830 

3,900 

2,470 

1,810 

2,010 

123,600 

41,600 

123,600 


17,520 

11,250 

11,250 

16. 380 

3,900 

2,230 

1,620 

1,120 

830 

970 

1,440 

12,960 

830 


Mean. 


Becond- 

fe«»t  per 

Nquan* 

mile. 


34,677 

36,229 

27,861 

29, 393 

7,911 

3,819 

2, 320 

1,564 

1,200 

1,184 

11,109 

24, 252 


15, 127 


1901. 
January  (l-2)« 

I 

February «' i 

March  (12-^1 )« ;  129,600 

April - 104,300 

May  ..-. ...,  100,800 

June. 83,000 

July  ...  6,450 

Auguat _ 54,300 

September ,  13,530 

October 8,000 

November !  24.400 

December 228,400 


34, 100    16, 950 


22, 080 
21,510 
12,960 
6,880 
2,470 
2,720 
3,280 
3,580 
2,720 
7,330 


25,525 


55,636 

37,287 

25, 179 

19, 781 

4,085 

12, 232 

6,118 

5,588 

6,376 

39, 769 


The  year... 228,400 


2, 470         19, 798 


Depth  ill 
incbeH. 


3.132 
3.273 
2.517 
2.655  ' 
.715  , 
.345 
.210  . 
.141 
.108  I 
.107 
1.004 
2.191  ; 


2.306 


5.026 

3.368 

2.274 

1.787 

.369 

1.105 

.553 

.505 

.576 

3.592 


1.165 
2.434 
2.902 
2.962 

.824 
.386 

.162 

.120 

.123 

1.120 

1.793 


1.366       13.989 


0.172 


3. 735 

3. 758 

2.622 

1.994 

.425 

1.274 

.617 

.  582 

.643 

4.141 


1.788       19.963 


oBiver  froeen,  for  days  not  included. 
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HYDROGRAPHY    OF    SUSQUEHANNA    BASIN. 


[NO.     lOO. 


Estiniated  vionthly  discharge  of  Susquehaitiia  River  at  DanmllCf  Pa,,   IStfO- 

1903 — Continued. 


Month. 


1902. 
January  (1-5, 9-12, 23-31 )«.. 

February  Cl-2,28)« 

March  -   

April 

May 

June 

July 

August 

September 

October _ 

November 

December 


Dlscharsre  in  second-feet. 


Maximum. 


Minimum. 


The  year 


1908. 
January  (4-ll,31)«. 
February  (1-20, 28)  o 

March 

April 

May 

June 

July  .  _ 

August  -. 

September 

October 

November 

December  (1--5) 


The  year 


50,400 

15,240 

84,800 

12,100 

304, 800 

20, 940 

77,000 

7,780 

9,660 

3,900 

8,690 

4,570 

64,600 

9,660 

34,700 

4,230 

30,000 

2,470 

42,000 

7,780 

24.700 

5,650 

98, 300 

8,690 

304, 800 

2,470 

98,800 

16, 950 

103, 600 

16, 950 

146,100 

23, 240 

57,800 

8,690 

8,230 

3,000 

33,800 

2,470 

21,510 

4,570 

96, 300 

5, 650 

60, 400 

3,900 

129, 600 

3,580 

45, 700 

6,450 

18,500 

7,780 

146, 100 

2,470 

Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  in 
incheH- 


23.701 


o  River  froa^en,  for  days  not  included. 


■ROTT   AXDl 


MEASUBKMENTS   OF   FLOW. 
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WEST  BRANCH  OF  SUSQUEHANNA  RIVER  AT  WILUAMSPORT,  PA. 

This  station  was  established  March  1,  1895,  by  George  D.  Snyder, 
who  was  at  that  time  city  engineer.  On  August  IG,  1901,  a  standani 
chain  gage  was  installed  on  the  upper  side  of  the  Market  Street  Bridge. 
It  is  read  once  each  day  by  Henry  H.  Guise,  who  is  employwl  in  the 
cit3'  engineer's  office.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker  is  40. 29  feet.  Discharge  measurements  are  made 
from  the  lower  side  of  the  Market  street  iron  highway  bridge.  The 
initial  point  for  soundings  is  the  face  of  the  abutment  on  the  left  bank. 
The  channel  is  straight  for  several  hundred  feet  above  and  below  the 
station,  is  broken  by  four  bridge  piers,  and  is  about  1,000  feet  wide 
at  the  station.  There  is  a  dam  about  one-half  mile  above  the  station. 
Both  banks  are  high  and  rocky.  The  bed  of  the  stream  is  composed 
of  gravel  and  silt,  and  will  probably  change  to  some  extent  in  the 
shore  spans.  The  current  velocity  is  sufficient  for  accurate  measure- 
ment, except  at  extreme  low  stages.  The  bench  mark  is  a  cut  in  the 
face  of  the  left  abutment  10.07  feet  above  gage  datum. 

DiJfcharge  measurements  of  West  Branch  of  Susquehanna  River  at  Williamsport, 

Pa.,  1901-1904. 


Date. 


Hydro^rapher. 


Oaare       Area  of 
helgnt.  '  section. 


1901. 
Ang.  16 
Oct.    25 

1902. 
Apr.  20 
Sept.  18 

1908. 
Mar.  6 
Apr.  3 
June  4 
June  27 
Oct.      7 

1904. 
Jnly   19 
Sept.  14 
Sept.  SO 


E.  G.  Patd 
do... 


Feet.       Sq.  feet. 
0. 90       2, 851 

.66       2,510 


E.G.  Paul. 
do... 


E.G.  Murphy  - 

do 

J.C.Hoyt... 
E.  D.  Walker . 
W.  C.  Sawyer 


3.90 
.41 

7.12 
5.24 

.85 
6.40 
1.77 


R.J.  Taylor |      2.07 

J.C.Hoyt ..;      0.52 


do 


1.10 


5,188 
1,997 

8,629 
6,840 
2,769 
9,130 
3,270 

3,874 
2,550 
3,040 


Ft.peraec. 
0.68 

.72 


1.80 
.54 

2.80 
2.14 
.70 
2.22 
1.08 

1.09 
0.53 
0.67 


Dis- 
charge. 


Sec.'feet. 
1,932 

1,807 

9, 318 
1,006 

24,138 
14, 675 

1,954 
20,400 

3, 525 

4,220 
1,340 
2,060 
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HYDROQKAPHY    OF    SUSQUEHANNA    BASIN. 


[NO.   lOO. 


Mean  daily  gage  height,  in  feety  of  West  Branch  of  Susqitehanuii  River  €tt 

Williamsport,  Pa.,  1895-1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

De*r. 

I8a5. 

1 

8.0 

6.0 

2.1 

2.4 

4.5 

0.3 

0.4 

0.1 

-0.1 

in 

2 

9.0 

6.0 

1.9 

2.1 

3.7 

.2 

.4 

.1 

-  .1 

It; 

3 

10.5 

7.2 

1.9 

1.9 

3.0 

.2 

.8 

.2 

.0 

'       l.r» 

4 

9.5 

6.5 

1.9 

1.8 

2.3 

.1 

.3 

.3 

.0 

1.-4 

5 



9.0 

5.8 

1.8 

1.5 

1.7 

.1 

.2 

.3 

-  .1 

l.-l 

6 

6.5 

5.4 

1.8 

1.5 

1.5 

.0 

.2 

.2 

-  .1 

1.:^ 

7 

4.5 
4.5 

6.0 
7.0 

1.6 
2.2 

1.4 
1.2 

1.5 
1.3 

.0 
.3 

.1 
.0 

.1 
.2 

.0 
+  .1 

l,u 

8 

1.1 

9 

5.0 

11.0 

2.9 

.8 

1.2 

.3 

.0 

.2 

.1 

1.1 

10 

5.2 
5.8 
5.5 
5.5 
5.2 
6.0 
6.5 
5.5 

12.0 
11.0 
7.9 
6.5 
8.0 
10.5 
8.5 
6.0 

3.2 
2.8 
2.7 
2.8 
4.3 
3.8 
3.3 
8.0 

.5 
.4 
.2 
.2 
.4 
.8 
.8 
.7 

1.6 
1.5 
1.5 
1.6 
1.5 
1.4 
1.3 
1.2 

.3 
.4 
.  i 
1.8 
1.5 
.5 
.6 

.3 
1.6 
1.8 

.9 

i 

.4 
.6 

.1 
.1 
.2 
.2 
.2 
.2 
.3 
.2 

.3 
.3 
.4 
•4 
.3 
.3 
.2 
.2 

l.O 

11 

1      i.t* 

12 

.9 

13 

.H 

14 

.6 

15 ' 

1           .4 

16 

.3 

17 

.3 

18 : 

5.0 
4.7 

5.3 
5.3 

2.8 
2.6 

.7 
.6 

1.1 
1.0 

.9 
l.l 

.1 
.2 

.2 
.2 

.2 
.2 

3 

19 

.2 

20 

4.5 

6.3 

2.8 

.6 

.8 

1.1 

.2 

.2 

.8 

.2 

21 

4.2 

4.6 

2.2 

.6 

.  1 

1.1 

.1 

.2 

.3 

.2 

22 

-_■.-■ . 

4.5 

3.6 

2.0 

.4 

.9 

1.2 

.0 

.2 

.3 

1.6 

28 

. . . 

5.0 

3.4 

1.9 

1.0 

.8 

1.3 

-  .1 

.2 

.2 

2.4 

24 



5.5 

3.2 

1.8 

1.4 

.8 

1.4 

-    .2 

.1 

.2 

2.6 

25 

6.0 

2.9 

1.7 

1.7 

.9 

1.4 

-  .2 

.0 

.4 

2.4 

26 

------ - 

- —•■-•■ 

8.7 

2.6 

1.7 

1.3 

1.0 

1.5 

-  .2 

-  .1 

.6 

2.2 

27 

^ 

9.2 

2.6 

2.0 

1.7 

-  .2 

1.3 

-  .1 

-    .1 

2.9 

2.4 

28 

7.7 

2.5 

3.5 

6.2 

.0 

1.3 

-  .1 

-  .1 

3.1 

7.0 

20 

6.7 
6.5 
6.8 

2.5 
2.2 

3.6 
8.2 
8.0 

4.9 
4.0 

+  .1 
.1 
.4 

1.3 
1.4 
1.4 

.0 
+  .2 

-  .1 

-  .1 
"  .2 

2.8 
2.1 

6.5 

30 1 

4.5 

81 ' 

5.4 

1896. 

1 

6.8 
4.5 

1.9 
2.0 

6.5 
6.6 

13.0 
11.0 

8.5 
8.4 

1.8 
2.0 

3.1 
2.7 

6.5 
6.7 

.5 
.4 

6.8 
6.8 

2.3 
2.3 

4.U 

2 

3.8 

8 

4.1 

2.4 

6.1 

10.0 

3.1 

1.7 

2.3 

6.9 

.4 

5.8 

2.8 

3.3 

4 

8.8 

4.1 

4.7 

8.5 

3.0 

1.4 

2.0 

5.9 

.4 

4.5 

2.1 

8.1 

6 

3.5 

4.1 

8.9 

7.1 

2.8 

1.3 

2.3 

4.8 

.4 

3.2 

2.5 

2.9 

6 

3.8 

8.9 

4.1 

6.1 

2.6 

1.2 

2.4 

4.0 

.6 

1.7 

7.5 

2L4 

7 

3.1 

10.8 

4.0 

5.8 

2.4 

1.4 

2.3 

3.5 

.5 

1.5 

6.9 

2.0 

8 

2.9 

9.2 

3.9 

5.6 

2.3 

1.6 

2.1 

3.7 

.6 

1.8 

6.2 

1.7 

9 

2.4 

6.8 

3.9 

5.1 

2.2 

2.6 

2.0 

3.2 

Mr 

.9 

5.4 

8.2 

10 

2.4 

6.1 

3,8 

4.7 

2.1 

5.3 

3.3 

2.9 

.6 

.9 

4.5 

4.4 

11 

2.3 

5.8 

8.6 

4.8 

1.9 

4.3 

3.0 

2.7 

.4 

.8 

4.3 

6.0 

12 

2.1 

4.3 

3.1 

5.3 

1.9 

3.4 

2.6 

2.5 

.4 

.7 

3.9 

4.2 

13 

2.0 

4.1 

2.4 

5.7 

1.6 

2.9 

2.2 

2.2 

.4 

9.8 

4.0 

4.0 

14 

2.0 

3.7 

2.7 

7.8 

1.6 

2.5 

1.9 

2.6 

.4 

10.8 

4.0 

as 

16 

1.8 

3.7 

2.4 

8.3 

1.5 

2.2 

1.7 

2.3 

.5 

9.8 

8.6 

8.8 

16 

1.7 

4.6 

2.0 

7.5 

1.5 

2.2 

1.8 

2.1 

.6 

8.2 

3.1 

8.2 

17 

1.5 

4.8 

2.4 

6.8 

1.5 

2.1 

1.9 

1.8 

.6 

6.5 

3.1 

2.9 

18 

1.4 

3.6 

2.5 

6.1 

1.6 

4.1 

2.2 

1.6 

.9 

6.1 

3.0 

2.9 

19 

1.3 

3.2 

2.4 

6.7 

1.4 

4.0 

2.3 

1.4 

.6 

5.4 

2.8 

2.7 

20 

1.8 

1.7 

3.6 

6.2 

1.3 

3.5 

1.8 

1.2 

1.5 

4.7 

2.7 

2.5 

21 

1.4 

1.5 

3.8 

4.7 

1.4 

3.0 

1.6 

1.0 

2.0 

4.0 

2.7 

2.2 

22 

1.4 

2.2 

3.8 

4.7 

1.3 

2.6 

1.7 

.9 

1.6 

3.7 

2.7 

2.2 

23 

1.4 

1.9 

4.5 

4.6 

1.3 

2.4 

1.8 

.9 

.  1 

3.6 

2.6 

2.1 

24 

1.6 

2.8 

4.2 

4.4 

1.1 

2.1 

2.0 

.8 

.6 

3.5 

2.6 

2.4 

25 

2.5 

3.2 

4.1 

4.1 

1.0 

3.5 

2.5 

1.0 

.3 

8.4 

2.8 

2.2 

26 

2.7 

8.1 

4.2 

4.2 

1.1 

7.0 

8.1 

1.0 

.8 

3.3 

2.8 

2.U 

27 

2.9 

2.8 

4.8 

4.1 

1.1 

6.2 

3.8 

.9 

.4 

3.2 

2.8 

l.H 

28 

2.9 

2.6 

5.6 

3.8 

1.2 

5.1 

3.9 

.6 

.6 

3.0 

2.8 

1.5 

29 

2.5 

4.0 

7.1 

8.7 

1.2 

4.4 

6.0 

.6 

.6 

2.7 

8.3 

.1.3 

30 

2.2 

10.8 

8.7 

1.0 

8.8 

5.8 

.6 

1.3 

2.6 

4.0 

i.n 

31 

.      2.0 

13.9 

1.5 

6.8 

.5 

2.6 

1.8 

XDER^N.]      FLOW    OF    WEST    BRANCH    AT    WILLIAMSPORT. 


noTT 

AX 
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Mean  daily  gage  height ^  in  feet,  of  WeM  BrancJi  of  Siigquehanua  River  at 

Williamsport ,  Pa.,  ISOS-lSO^—Coniinned, 


D«y 


3. 
4. 
5 

6. 


8.. 
».. 

lU- 

13  . 

U-, 

15... 

16.. 

17... 

IH.. 

19... 

3U.. 

21... 

22.. 

23.. 

U.. 

25.. 

».. 

27... 

28.. 

29-. 

30.. 

31.. 


1. 
2- 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17- 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
2h. 
29. 
30. 
31. 


1897. 


189B. 


Jan. 


1.9 
2.0 
2.1 
2.1 
2.8 
3.9 
3.5 
8.0 
3.0 
8.0 
3.0 
3.2 


2. 
1. 
1. 
2. 
2. 


2.2 
2.5 
2.2 
1.4 
1.6 
2.0 
2.2 
2.4 
2.2 
2.3 
1.5 
1.8 
1.9 
1.8 


2.0 
1.9 
1.7 
1.7 


Feb. 


1. 
2. 
2. 
2. 
2. 


1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
3.7 
4.1 
3.9 
3.7 

a5 

3.6 
3.8 
8.0 
2.7 
2.7 
2.7 
2.8 
3.6 
3.6 
3.7 
3.9 
5.1 
8.8 
7.8 
6.3 
5.2 
4.3 


Mar. 


2.9 
2.6 
2.5 

2.1 
2.8 
2.9 
8.1 
3.0 
2.9 


2.1 

2.9 

2.5 

3.1 

2.6 

3.8 

2.9 

8.4 

9.6 

8.0 

8.7 

7.1 

7.6 

6.3 

8.2 

4.7 

7.2 

4.6 

6.1 

4.3 

5.3 

4.8 

5.6 

5.3 

6.2 

6.4 

7.0 

6.0 

9.9 

5.3 

9.3 

5.0 

7.6 

4.6 

6.8 

4.2 

6.0 

8.8 

5.3 

4.7 

4.1 

4.0 

as 

8.1 
6.1 
7.0 
7.4 
10.4 
9.1 
7.6 
6.9 
7.8 
8.6 
8.8 
8.6 
7.7 
6.7 
6.1 
5.1 
5.3 
5.4 
8.3 
8.8 
8.5 
8.8 
11.3 
10.2 
8.4 
7.1 
6.2 
5.8 
4.7 


3.5 
8.2 
8.2 
3.1 
3.0 
2.9 
2.8 
8.0 

ai 

3.8 

4.7 

6.3 

9.0 

9.4 

9.4 

7.2 

6.2 

5.8 

6.4 

9.0 

10.8 

10.2 

14.9 

21.0 

14.8 

10. 

9. 

7. 

6. 

9.9 

10.1 


Apr. 


4 
,6 

1 
.3 


4. 

3. 
3. 
8. 


2. 
2. 
2. 
3. 


3. 
3. 
8. 
3. 
2. 
4. 


7.7 
8.7 
8.2 
6.4 
5.7 
6.1 


4.8 
4.0 

a  7 
a  4 
a  2 
a  3 
a  6 
a  8 

4.0 
8.0 
8.8 
7.8 

a7 

5.9 
5.6 
6.6 
7.8 
6.9 
6.1 
5.4 
4.9 
4.4 


ai 
ao 

2.9 
2.7 


8.2 
6.9 
6.1 
5.3 
4.8 
4.4 
4.0 

a  7 
as 
a  3 
a  2 
ao 


a  5 
a  5 


BUy. 

June. 

2.6 

1.9 

a  9 

1.8 

5.2 

1.8 

8.8 

2.4 

a  5 

2.8 

7.9 

2.0 

7.2 

1.7 

6.1 

1.6 

5.5 

1.6 

4.9 

1.8 

4.6 

1.8 

4.5 

1.7 

4.4 

1.5 

6.5 

1.4 

7.4 

1.3 

7.1 

1.2 

6.9 

1.1 

5.4 

1.1 

4.8 

1.1 

4.8 

1  8 

4.6 

l.b 

4.4 

1.2 

as 

1.1 

a  2 

1.1 

ao 

1.1 

2.8 


2. 
2. 
2. 
2. 


2.0 


4.6 
4.1 
4.0 
a  8 

a  4 
a  5 

a  8 


8 
9 
1 


3. 
3. 
4. 

a  7 
a  4 
as 
ao 
ao 

2.9 

ao 
ao 

4.0 

a  9 

5.1 
4.8 
5.1 
5.1 
6.0 
6.8 


5. 
5. 
4. 

4. 


a  9 


1.0 


a  5 
ai 

2.8 
2.5 
2.2 
2.0 
1.8 
1.8 
1.6 
1.4 
l.H 
1.8 
2,0 
2.5 

a  4 

ai 

2.5 
2.0 
1.9 
1.8 
1.7 
1.6 
1.6 
1.4 
1.3 
1.2 
1.1 
1.0 
2.1 
2.7 


July. 


1.0 
1.0 
1.0 
.9 
.9 
.7 
.7 

.  I 

.  t 

.8 

.8 

1.0 

.9 

.9 

.9 

1.0 

1.0 

1.1 

1.1 

1.1 

1.1 

1.2 

1.2 

2.0 

2.3 

2.5 

2.0 

ai 

4.6 

4.8 

a  8 


2.0 

1.6 

1.4 

1.8 

1.1 

1.0 

.9 

.8 

.8 

.8 

.  i 

.7 
.6 
.6 
.6 
.5 
.5 
.5 
.5 

.8 
.8 

.  t 
1.9 
1.9 


Aug.    Sept. 


1.0 


ai 
ao 

2.5 
2.2 

2.1 
2.0 
2.4 
2.2 
2.1 
1.7 
1.6 
2.0 
1.9 
1.7 
1.5 
1.8 
1.1 
1.0 

.8 
1.0 
1.1 
1.0 

.9 

a  5 

2.8 
2.2 
1.5 
1.2 
1.0 
.8 
.8 


1.0 
.9 
1.0 
1.3 
2.8 
2.9 
2.0 
1.5 
1.3 
1.2 
1.1 
1.0 
1.0 
1.7 
1.4 
1.2 
1.0 
1.0 
1.4 
6.8 
4.8 

a  9 
ao 

2.5 
2.1 
2.1 
1.9 
1.8 
1.7 
1.6 

i.r> 


0.7 

.7 

.6 

.6 

.6 

.4 

.8 

.8 

.2 

.2 

.0 

.0 

.1 

.1 

.1 

.2 

.3 

.4 

.5 

.5 

.5 

.6 

.  I 

.8 

2.4 

2.3 

2.2 

2.0 

1.7 

1.1 


1.1 
1.0 
.9 
.9 
.8 
.8 
.  i 
.7 
.9 
1.0 
.8 
.6 
.  t 
.6 
.6 
.6 
.5 
.5 
.4 
.6 
.4 
.5 
.4 
.4 
.4 
..1 
.5 
.6 
.5 
.6 


Oct. 

Nov. 

0.9 

0.4 

.9 

1.0 

.8 

4.8 

.7 

4.1 

.6 

ai 

.5 

2.7 

.5 

2.8 

.4 

1.9 

.8 

1.8 

.3 

2.0 

.3 

2.1 

.3 

2.9 

.4 

2.6 

.5 

2.4 

.5 

2.2 

.5 

2.1 

.4 

2.3 

.3 

4.9 

.8 

4.6 

.3 

a  8 

.4 

a  4 

.5 

ao 

.6 

2.7 

.  4 

2.5 

.6 

2.3 

.6 

2.0 

.6 

2.5 

.5 

as 

.5 

6.7 

.4 

5.0 

.4 

.6 

a3 

R  o 

.5 

.6 

.6 

1.1 


1.5 
1.4 


1 

1 

1 

2 

2 

4 

9.0 

8.9 


3 
2 
3 
3 


2.7 
2.4 
2.2 
2.0 
2.0 
1.8 
1.8 
1.8 
4.8 
9.4 
7.3 
6.3 


3 
9 
1 


a  6 
a  4 
a  2 
ao 

2.8 
2.7 
2.0 


7.0 

2.4 

o.O 

2.3 

4.7 

2.1 

5.0 

1.9 

4.7 

1.8 

4.2 

1.8 

a  6 

Dec. 


4.4 

a8 
a  4 
ai 

4.0 
4.5 
5.0 
4.7 
4.1 

a  8 
a  6 

a  8 

4.0 
4.1 
4.8 
7.4 
7.7 
6.7 
6.8 
5.9 
5.8 
4.9 
4.6 

as 

a  6 

a  8 
ao 
ai 

2.4 
2.0 
2.2 


1.8 
1.9 
1.9 
2.1 
2.3 
2.6 
2.6 
2.5 

2.0 
1.8 
1.6 
1.8 
1.6 
1.5 
1.4 
1.3 
1.4 
1.5 
1 


2. 
2. 
5. 

8. 
I . 


4 
0 

6 
3 
3 
3 
6.8 
5.3 
4.7 
4.3 
4.1 

a  9 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  lOO. 


Mean  daily  gage  height  ^  in  feet^  of  West  Brarich  of  Susquehanna  River  at 

Williamsport,  Pa.,  1896-1904 — Contmtied. 


Day. 


IHBB. 

1 

2 

3 

4 

5 

6 

7 

8 

» 

10 

11 

\2 

13 

14 

15 

Itf 

17 

18 

19 

at) 

21 

22 

23 

24 

25 

28 

27 

28 

29 

ao 

31 

1900. 

1 

2 

3 

4 

6 

8 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

81 


Jan. 


3.9 
3.9 
3.9 
3.8 
4.8 
7.0 
8.0 
8.3 
5.3 
4.3 
4.0 
3.9 
3.8 
4.3 
4.8 
5.3 
5.8 
5.8 
5.6 
4.5 
3.9 
3.9 
3.8 
3.8 
4.0 
4.2 
3.6 
3.5 
8.4 
3.2 
8.0 


8.3 
3.2 
8.1 
8.0 
2.9 
8 
8 
2.5 
2.8 
2.6 
2.6 
2.7 
2.8 
2.9 
3.0 
8.0 
8.0 
3.8 
8.8 
4.5 
13.0 
13.0 
10.0 
8.0 
6.5 
5.8 
5.0 
4.5 
4.0 
4.1 
3.3 


2. 
2. 


3.0 
2.8 
2.8 
2.5 
2.8 
2.8 
2.8 
2.9 
2.9 
2.8 
2.7 
2.8 
2.4 
2.8 
2.3 
2.4 
2.5 
2.6 
2.8 
3.2 


8. 
4. 
6. 


8 

2 
3 
8.8 
7.3 
6.3 
6.8 
8.8 


Mar. 


2.9 
2.8 
2.8 
2.9 
2.9 
3.8 
8.0 
8.0 
4.5 
6.0 
5.5 
5.0 
5.0 
8.7 
8.5 
6.5 
5.5 
4.7 
3.8 
3.6 
3.5 
5.5 
9.8 
7.4 
6.4 
5.2 
8.2 
8.9 


7.8 
7.3 
7.3 
7.8 
11.8 
18.1 
11.3 
9.1 
7.3 
8.3 
5.4 
6.3 
7.3 
7.8 
7.1 
6.1 
5.8 
5.8 
7.5 
9.3 
8.8 
7.6 
6.8 
7.0 
5.8 
5.8 
5.8 
5.6 
6.5 
8.3 
7.8 


4.0 
9.0 
8.2 
7.1 
6.0 
5.2 
5.8 
7.1 
6.5 
6.2 
7.0 
6.8 
5.1 
4.5 
4.1 
8.5 
2.8 
2.7 
2.5 

ai 

7.0 
6.1 
5.0 
6.5 
6.0 
6.2 
4.9 
4.5 
4.5 
4.4 
4.1 


Apr. 


May. 


6.8 
6.4 
6.0 
5.3 
4.5 
4.8 
4.8 
6.8 
7.8 
7.8 
6.8 
6.8 
6.8 
7.8 
7.8 
8.8 
6.3 
5.1 
4.9 
4.6 
4.4 
4.2 
4.0 
3.7 
8.5 
8.3 
8.7 

a6 

8.8 

ai 


a9 

a  8 

4.2 
4.5 
4.8 
4.5 
6.0 
6.5 
8.8 
6.1 
5.5 
4.8 
4.5 
4.8 
4.1 

a  9 
a  9 

6.1 
6.9 
6.8 
6.2 
5.6 
5.6 
6.9 
5.7 
6.2 
4.7 
4.2 

a  8 
a  6 


2.9 
2.8 
2.7 
2.7 
2.9 
2.6 
2.8 
2.2 


2.6 
2.4 
2.8 
2.2 
2.0 
2.7 
6.8 
7.3 
6.1 
4.9 
4.1 

a  6 
ai 

2.9 
2.7 
2.6 
2.4 
2.4 
2.6 


as 
ai 

2.9 
2.7 
2.8 
2.5 
2.8 
2.2 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.8 
2.3 
2.0 
2.0 
2.0 
2.5 
2.5 
2.3 
2.0 
1.8 
1.7 
1.8 
2.0 
1.9 
1.9 
4.0 

a6 


Jane. 


2.4 

2.4 

2.3 

2.2 

2.1 

1.9 

1.7 

1.6 

1.3 

1.3 

1.2 

1.2 

1.1 

1.0 

1.0 

1.0 

.9 

.9 

.8 

.8 

.7 

.5 

.6 

.6 

1.3 

1.0 

1.8 

1.2 

1.8 

1.8 


a  8 

2.9 

a  2 

a  5 
a  6 
ao 

2.7 
2.6 
2.4 
2.2 
2.0 
1.9 
1.8 
1.6 
1.7 
1.9 


July. 


1.8 

1.2 

1.2 

1.1 

1.0 

1.1 

1.0 

0.9 

0.8 

0.8 

1.2 

1.1 

1.0 

.9 

.8 

.7 

.7 

.7 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 

.8 

1.1 

1.4 

1.7 

1.2 

1.0 

.8 

.7 

.6 

.6 

.4 

.3 

.4 

.4 


1.8 

1.6 

1.8 

1.0 

.9 

1.0 

1.1 

1.1 

1.0 

.9 

1.0 

1.1 

1.0 

1.7 

1.8 

1.1 

.9 

.8 

.8 

.7 

.7 

.6 

.6 

.6 

.6 

.a 

.7 

1.0 

.9 

.8 

.7 


Augr. 


Sept. 


Oct. 


0.4 

1.4 

.8 

1.6 

.8 

1.6 

.1 

1.6 

.2 

1.6 

.1 

1.4 

.0 

1.8 

.0 

1.8 

.1 

1.2 

.1 

1.2 

.2 

1.1 

.2 

1.0 

.8 

.9  1 

.8 

.8 

.4 

.7 

.2 

.8 

.8 

.8 

.5 

.2 

.5 

.1 

.4 

.0 

.4 

.2 

.3 

.1 

.3 

.1 

.4 

.1 

.8 

.2 

.3 

1.4 

.3 

2.6 

.8 

2.0 

.4 

1.7 

.4 

1.6 

.6 

.8 

.6 

.7 

.6 

.6 

.6 

.6 

.6 

.6 

.4 

.4 

.4 

.8 

.3 

.8 

.8 

.8 

.2 

.8 

.2 

.8 

.1 

.2 

.1 

.2 

.2 

.2 

.1 

.2 

.1 

.1 

.2 

.1 

.8 

.2 

.2 

.2 

.2 

.2 

.8 

.2 

.7 

.2 

1.0 

.1 

.9 

.1 

.9 

.1 

.9 

.1 

1.0 

.1 

.9 

.1 

1.0 

.1 

1.0 

.1 

.9 

0.4 
.6 
.6 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.3 
.3 
.8 
.3 
.8 
.3 
.3 
.3 
.3 
.3 
.3 
.8 
.2 
.2 
.2 
.2 
.1 
.1 


.1 

.1 

.1 

.2 

.2 

.2 

.2 

.8 

.4 

.9 

LI 

1.0 

1.0 

1.0 

.9 

1.1 

1.2 

1.1 

.9 

.8 

.7 

.7 

.7 

.T 

.9 

1.8 

1.6 

1.4 

1.8 

1.1 

1.1 


Not. 


Dec 


0.4 

as 

3.8 

as 
a4 

2.9 
2.4 

ai 

1.9 
2.0 
2.1 

as 

2.6 

a9 
ai 
a2 
a  6 
a6 
a  5 
a2 
a9 

2.6 
2.4 
2.3 

a2 

2.1 
1.9 
1.9 
1.7 


1.0 

1.0 

.9 

.9 

.9 

.9 

.8 

.8 

,8 

.8 

.8 

.9 

.9 

.9 

.9 

.8 

.8 

.7 

.7 

.7 

.8 

1.0 

1.4 

1.6 

2.7 

4.8 

17.0 

lao 

8.0 
6.6 


l..'i 
1 


T 


1. 

1 

1. 

1. 

1. 

1. 

I. 

1.7 

1.7 

l.» 

7.0 

7.5 

6.3 

5.5 

4.7 

4.0 

3.9 

3.8 

4.3 

4.9 

4.3 

4.5 

4.8 

5.0 

4.5 

4.3 

an 

8.7 

a5 


6.8 
5.0 
4.8 
4.8 
«.« 
7.2 
5.8 
5.7 
4.8 
4.5 
4.2 

a5 

&0 
2.9 


2. 
2. 
1. 
1. 
2. 


8 
3 
9 
8 
I 


2.0 
2.0 
1.9 
1.9 
H 
9 
1 
4 
3 
3 
3 
2 


1. 

1. 
2. 
2. 
2. 
2. 
2. 
2. 


FIOTT  AXn 

AXOEBSO 


5*]      FLOW    OF    WEST    BRANCH    AT    WILLIAMS I»OBT. 
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JdtMH  iiaUy  gage  height^  in  feHy  of   WvHt  Bratwh  of  StifuiuefuiMM  RiiH'r  at 

WUliamsport,  P«.,  lif OS- nw4—Continned. 


Day. 

Jau. 

Feb. 

Mftr. 

Apr. 

4.00 

aoo 

4.00 
4.60 
4.20 
4.00 

aTO 
a5o 
a  10 
aoo 
a  40 
a  40 
a  40 
aoo 
1  aoo 
aso 
aoo 
aso 
a  40 
a  20 
aoo 

L80 

aoo 
aso 
aso 
aoo 
aoo 

7.60 
ILSO 
14.00 

laoo 

aso 
aso 
a  40 
a  70 
a  70 
aoo 
aoo 
a  20 
a  40 
a  20 
aoo 
aoo 
aoo 
aso 
a  40 
a  20 
aoo 

L90 
L80 
1.70 
l.TO 
1.70 
LOO 
LOO 
L60 
1.60 
L70 
1.80 
1.60 
L50 
L40 

Jane. 

aoo 

7.20 
7.00 

aso 
1  a7o 
a  10 
a  a) 
aso 
aoo 
aoo 

4.60 
4.10 

aoo 
aso 
aoo 
aoo 
a4o 
aoo 
a  70 
aoo 
aoo 

4.00 
4.50 
4.40 
4.20 

aoo 
aso 
aoo 
a  70 
aso 

L80 
L20 
1.20 
1.10 
LIO 
LSO 
1.20 
1.20 
1.10 
1.00 
LIO 
1.10 
1.80 
1.40 
1.60 
LOO 
LOO 

aoo 
aoo 

LSO 
1.80 
1.70 
LSO 
1.40 
a. 60 
LSO 
LOO 

aoo 
aoo 

4.80 

Jaly. 

a  10 
aoo 
a  80 
a  20 
a  10 
aoo 

L90 

1.80 

L60 

1.60 

L40 

LSO 

LIO 

LIO 

LIO 

LOO 

LOO 

1.20 

•    1.20 

1.10 

1.00 

.90 

.TO 

.70 

.70 

.80 

.90 

LOO 

LIO 

1.20 

1.20 

aso 

7.40 

a  40 
a  70 

10.80 

aoo 

aoo 

7.30 

aao 
aoo 

7.70 
7.20 

aoo 
aoo 

4.20 

aoo 
a  10 
aoo 
aTO 

4.40 

aoo 
aso 
aao 
a  70 
aoo 
aso 
a  10 

6.50 

a  20 

4.50 

a  20 

Ang. 

1.20 
1.10 
LOO 

.m 

.TO 

.70 

.80 

LSI) 

1.90 

l.TO 

L5C) 

L40 

LIO 

.90 

.80 

.90 

aao 
aso 

4.50 
4.20 

4.  a) 

4.60 
4.00 

a  40 

7.80 

aso 
a  20 

4.30 

aso 

aoo 
a  70 

aoo 

4.90 
4.60 
4.80 

aso 
aao 
a  10 
aoo 
aso 
aoo 
a  40 

2.20 

aso 
a  10 

L90 

1.80 

LOO 

LSO 

L40 

LdO 

1.20 

L40 

1.80 

1.10 

1.00 

.90 

.80 

.40 

.60 

.60 

.60 

86pt. 

aoo 
aso 
aso 
aTO 

4.60 
4.10 

aso 

a  TO 
a  40 
a  20 
au) 
aoo 
aoo 
aso 
aso 
aso 
a  TO 
aoo 
aoo 
aoo 
aso 
aso 
aoo 

1.90 
L80 
1.60 
1.40 
1.20 
LSO 
LOO 

.50 

.60 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.60 
.60 
.50 
.60 
.50 
.40 
.40 
.40 
.40 
.SO 
.20 
.20 
.20 
.20 
.20 
.60 
.90 

aso 
aoo 
aso 
aso 

Oct. 

1.80 
1.50 

aoo 

1.50 

1.40 

l.») 

1.20 

.90 

.80 

.90 

.90 

.90 

LOO 

1.80 

LIO 

.80 

LIO 

LOO 

.90 

.80 

.80 

.TO 

.60 

.00 

.60 

.60 

.60 

.60 

.70 

.80 

.TO 

aTO 

4. 10 

a  10 
aso 
a  40 
aso 
a  20 
a  20 
aoo 

1.80 
1.00 
L40 
1.20 
1.00 
1.20 
1.80 
1.60 
LSO 
L40 
1.80 
1.80 
1.20 
1.10 
LOO 
LOO 
.90 
.90 
1.80  , 
L20  , 
LSO 
LTO 

Not. 

O.TO 

.00 

.HO 

.70 

.00 

.60 

.60 

.60 

.50 

.50 

.40 

.50 

.60 

.60 

1.50 

1.20 

1.80 

1  50 

1.30 

1.10 

i.a) 

.90 

.80 

1.60 

aft) 
aTO 
a  70 

4.40 

aoo 

aso 

1.90 
LTO 
1.60 
1.50 
L40 
1.40 
1.80 
L40 
1.40 
LSO 
L30 
L20 
1.20 
1.10 

I.a) 

1.00 

.90 

.90 

.90 

.80 

.90 

.90 

.90 

.90 

LOO 

1.10 

1.10 

1.10 

I.a) 

LOO 

D©f. 

1901. 
1 

2.80 
2.80 
1.90 
1.10 
LOO 
LOO 
LIO 
LIO 
L4D 
L60 
1.80 
2.10 
a  60 
4.50 
4.20 
4.00 

am 
a  50 

2.90 
2.40 
2.00 
L90 
2.20 
2.60 
2.40 
2.50 
2.60 
a60 
2.TO 
2.60 
1.70 

aso 

190 
2.60 
2.60 
a40 
2.80 
8.80 
2.80 
2.40 
2.40 
2.40 
2.40 
2.40 
2.9) 

a  10 
aio 
aoo 

2.00 
l.flO 
1.60 
2.00 
6.80 
6.73 
4.60 
4.50 
4.00 
4.10 
4.00 
a  90 
4.10 
4.00 

L60 
L40 
1.40 
1.40 
1.60 
LOO 
2.60 
L90 
L40 
L80 
L80 
L90 
2.40 
a  10 
L50 
L40 
L80 
L20 
L20 
L80 
L40 
L80 
L20 
LOO 
.90 
.90 
LOO 
1.00 

4.80 
4.20 
6.00 
4.  TO 
4.60 
4.00 

a9o 

a  TO 

aoo 
a  40 
a  80 
aoo 

2.90 

aoo 

2.00 
2.80 

a  10 
a  10 
a  50 
a  80 

L90 

a  20 

1.90 
LOO 
LOO 

aoo 
a  10 

10.80 

.90 
LOO 
1.80 
L40 
a  10 

aoo 
aTO 
aoo 
aoo 
aoo 

7.00 
10.60 

a  20 

7.50 

aso 
aoo 
aoo 
a  60 

6.00 

aao 

7.60 

a  60 

a  60 

7.50 

aso 

7.80 
10.60 
11.20 

aso 

7.80 

a20 

20.88 
21.10 

ia46 

laoo 

laoo 

a  10 

aoo 

6.90 

i   6.80 

6.50 

aoo 

7.10 

aoo 

12.20 
10.80 

a  40 
laso 
i2.ro 

10.00 

a  10 
aoo 
aoo 
a  40 

6.00 
4.50 
4.20 

aoo 
aro 
aoo 

6.60 

a2o 

aso 

4.80 
4.50 

aoo 
a  20 

7.00 

aso 

1L50 
11.20 

aso 
a8o 

7.20 

a  20 
aoo 
aso 
aso 

4.80 
4.20 
4.20 
4.00 
12.00 

ia2o 

12.60 

a  TO 
aso 

7.60 

aso 
aso 
aoo 

4.60 

aoo 

a  70 
aso 

4.90 
4.60 
4.30 
4.60 
4.  TO 
18.80 

laoo 

12.90 
10.80 

a  40 

7.80 

aoo 

a  50 
aoo 

4.  TO 
4.80 

aoo 

4.40 

aso 
a  20 
aoo 
a80 
aso 
a  50 
a  40 
aso 
aso 

8.00 

> 

aso 

3._ 

4-- 

S_ 

aoo 
aoo 
aso 

6- 

7 

8 

a  ft) 

1.80 
LSO 

». 

1.80 

10...:::: 

11 

12 

aso 
aoo 
a  10 

13 

14. 

15 

16 

aso 
a  20 

20.17 

ia20 

17 

18 

19_ 

30- 

21 

22.. 

laoo 

8.80 
7.00 

aso 
aoo 

4.40 

23 

24 

SS 

26 

aTO 
aoo 
aoo 
a  70 

27 

aoo 

28 

2» 

ao 

31 

1902. 

1 

2 

8 

4 

a  40 
a  20 
aoo 
a  40 

1.00 

!.:«) 

1.50 

a  20 

5 

6 

a  40 
aso 

7 

aso 

8 

aao 

9 

10 

aso 

1.90 

11     

aoo 

12 

aso 

13 

14 

15 

16 

a  10 

4.40 

aoo 
aoo 

17 

18 

19 . 

20 

21 

22            

aso 
a  10 
a  40 
a  3) 
a  10 
aoo 

23 

24 

10.70 

a  10 

26               

7.20 

26 

aoo 

27 

28        

a  40 

4.10 

29 

30 

31 

4.40 

aoo 
aso 

o  Splash  on  dam. 
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HYDROGBAPHY    OF   SUSQUEHANNA    BASIN. 


fxo.  ii«». 


Mean  daily  gage  height ,  in  feet,  of  West  Branch   of  Susquehanna  Biver  im/ 

Williamsport^  Pa.,  1895-1904 — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Ckst. 

Not. 

Dec-. 

1903. 

1 

1 

1 

3.00  1    9.80 
2.50      6.00 

17.07 
14.30 

5.80 
5.60 

2.40 
2.30 

1.00 
.50 

4.60 
4.20 

2.70 
2.80 

6.80 
5.80 

1.00 
1.00 

1.90 
1.70 

2.«"» 

2 

^.••» 

3 

8.00      7.50 

10.20 

5.30 

2.20 

.90 

4.00 

2.00 

4.60 

.90 

1.70 

i.tui 

4  .- 

4.30  al0.60 

8.80 

5.00 

2.00 

.60 

4.40 

1.80 

4.00 

.90 

].(M) 

l.?MI 

6 

4.90     15.50 

7.20 

5.10 

2.00 

.60 

4.00 

2.50 

3.50 

1.00 

i.a» 

l.fM* 

8.... 

5.30     13.20 

7.10 

4.70 

2.00 

.60 

3.70 

3.60 

3.10 

1.40 

i.ai 

l.J^I 

7 

5.00     10.10 

7.20 

4.50 

2.00 

.70 

6.00 

3.80 

2.70 

1.70 

1.50 

1.7U 

8 ... 

4.40      7.80 

7.60 

4.50 

1.70 

1.00 

5.80 

4.00 

2.60 

2.00 

1.50 

1.70 

9 

3.70  i    6.70 

hl2.20 

5.00 

1.60 

1.40 

4.20 

3.60 

2.40 

5.90 

1.50 

l.eii 

10 

2.20  !    5.80 

12.70 

5.40 

1.40 

1.40 

8.60 

2.90 

2.60 

7.80 

1.40 

1.711 

11 

2.20 

5.10 

11.00 

5.60 

1.40 

2.10 

8.00 

2.60 

2.80 

6.20 

1.40 

l.THI 

12.... 

4.30 

5.20 

11.10 

5.30 

1.40 

2.20 

3.00 

2.40 

3.40 

5.50 

1.40 

1.44» 

13 

4.20 

6.20 

10.60 

5.80 

1.30 

3.70 

3.00 

2.20 

8.00 

4.60 

1.30 

1.3I> 

14 

4.20 

6.70 

8.90 

6.10 

1.30 

3.40 

2.70 

2.00 

2.60 

4.00 

1.20 

1.90 

15 

4.20 

6.40 

7.80 

9.60 

1.30 

8.60 

2.40 

1.70 

2.30 

8.00 

1.20 

1.50 

16 

4.20  1    6.30 

6.90 

11.70 

1.20 

4.00 

2.20 

1.60 

2.00 

3.80 

1.80 

1.(11 

17 

4.10  ,    6.30 

6.20 

10.70 

1.20 

3.70 

2.00 

1.80 

1.90 

3.00 

S.80 

l.U) 

18 

3.70  '    6.00 

5.70 

9.10 

1.20 

8.40 

2.00 

1.80 

2.60 

4.20 

u.on 

l.(0 

19 

8.70  1    4.40 

5.80 

7.60 

1.20 

2.90 

5.40 

1.60 

2.60 

5.30 

9.20 

l.Oit 

20 

3.60      4.00 

4.70 

6.50 

1.20 

2.60 

8.00 

l.flO 

2.50 

5.00 

7.40 

l.UI 

21 

3.70  1    4.10 

4.40 

5.70 

1.20 

2.60 

6.20 

1.60 

2.30 

4.60 

5.50 

i.aa 

22 

3.40      4.00 

4.60 

5.10 

1.10 

2.50 

5.50 

2.20 

2.00 

4.00 

4.90 

2.10 

Zi . 

3.20      4.60 

5.30 

4.60 

1.10 

2.60 

5.00 

1.80 

1.80 

3.60 

4.40 

2.W 

24 

3.10      3.80 

13.30 

4.20 

1.00 

4.10 

4.20 

1.50 

1.60 

3.20 

4.10 

1.90 

26 

3.10      3.90 

12.20 

4.00 

.90 

6.10 

3.60 

1.50 

1.50 

3.00 

3.80  1 

l.HO 

26 

3.00      3.80 

9.50 

3.50 

.90 

9.20 

8.20 

1.40 

1.50 

2.80 

3.40 

1.70 

27 

3.00      3.00 

7.70 

8.40 

1.00 

7.00 

2.70 

1.60 

1.30 

2.60 

3.00 

2.00 

28 

3.  a)    0  9.85 

6.50 

8.10 

1.00 

5.40 

2.30 

1.80 

1.20 

2.30 

2.60 

2.00 

29 

2.80    

5.60 

2.90 

1.10 

4.50 

2.10 

8.90 

1.20- 

•   2.20 

2.10 

2.4<> 

80 

3.00   

5.  a) 

2.70 

1.10 

5.20 

2.50 

7.20 

1.10 

2.00 

1.70 

2.30 

81 

11.00  ' 

4.90 

1.10 

2.80 

6.50 

•••""• " 

2.00 

2.40 

1904. 

1 

2.2 

3.8 

2.7 

6.2 

7.8 

8.6 

2.8 

1.0 

.4 

.8 

1.0 

0.6 

2 

2.2 

8.4 

7.0 

16.8 

7.0 

3.7 

2.1 

.9 

.4 

1.0 

1.0 

.5 

3 

2.0 

8.0 

7.5 

18.6 

6.2 

3.7 

1.9 

,9 

.4 

1.0 

1.0 

.5 

4 

2.0 

2.8 

19.0 

9.8 

5.5 

3.5 

1.7 

.9 

.3 

.9 

1.0 

.4 

6 

1.8 

8.0 

16.5 

8.0 

5.0 

6.1 

1.5 

.8 

.3 

.8 

.9 

0.4 

6 

1.8 

2.4 

9.2 

6.8 

4.5 

4.5 

1.5 

0» 

.3 

.8 

.9 

.4 

1 

1.7 

2.6 

7.4 

6.4 

4.2 

3.7 

1.7 

.7 

.2 

.7 

.8 

.4 

8 

1.7 

d5.0 

17.4 

6.0 

8.9 

8.4 

1.8 

.7 

.2 

.7 

.7 

.4 

9 

1.7 
1.7 

elO.5 
•■7.6 

18.5 
9.8 

6.0 

8.8 

3.6 
3.3 

8.2 
8.2 

8.4 
4.4 

i 

.2 
.2 

.6 
.6 

.6 
.6 

.4 

10..   .     

.4 

11 

1.7 

«'6.0 

7.6 

9.2 

8.2 

3.3 

8.1 

.5 

.2 

.6 

4» 
.  1 

.4 

12 

1.7 

ch.2 

6.5 

7.9 

3.0 

8.3 

6.7 

.4 

.5 

.5 

.7 

.4 

13 

1.7 

C4.3 

5.8 

7.2 

2.8 

2.9 

5.4 

.4 

.6 

.7 

.8 

14 

1.7 

3.8 

5.8 

6.6 

2.5 

2.7 

4.6 

.5 

.5 

1.2 

.8 

.3 

15 

1.6 

4.0 

5.0 

5.8 

3.0 

2.4 

3.8 

.5 

.5 

1.5 

.8 

.3 

16 

1.6 

/3.8 

4.4 

5.2 

8.4 

2.6 

3.4 

.5 

.6 

1.4 

.7 

.3 

17 

1.5      r3.6 

4.1 

6.2 

3.3 

3.1 

3.0 

.8 

.5 

1.3 

.  i 

.3 

18 

1.5  1  /3.5 

3.8 

5.1 

3.2 

2.8 

2.5 

.8 

.5 

1.2 

.   1 

•> 

19 ... 

1.5        3.3 

4.0 

5.0 

4.7 

2.6 

2.1 

.8 

.4 

1.1 

.7 

.2 

20 

1.5     /8.0 

4.5 

4.5 

7.7 

2.3 

2.0 

.4 

.3 

1.0 

.  i 

.2 

21 

1.4 

2.9 

6.5 

4.2 

7.2 

2.3 

1.7 

.5 

.3 

l.l 

.6 

.2 

23 

1.5 

2.8 

6.7 

8.9 

6.0 

8.0 

1.5 

.5 

.2 

1.5 

.6 

.2 

Zi 

7.7 

2.7 

6.6 

8.6 

5.2 

3.7 

1.3 

.9 

.2 

1.7 

-«  , 

.2 

24.. 

18.3 

3.7 

*9.9 

3.8 

4.7 

4.0 

1.8 

1.0 

.2 

1.6 

.7 

.8 

25 

9.8 

4.2 

10.3 

8.2 

4.4 

3.2 

1.2 

1.2 

.2 

1.5 

.6 

.« 

26 

7.0 

3.8 

11.3 

3.6 

4.2 

2.8 

1.1 

1.0 

.3 

1.5 

.6 

.8 

27 

5.4 

3.0 

12.6 

4.3 

4.0 

2.3 

1.1 

.9 

.6 

1.4 

.6 

.4 

28 

4.9 

2.7 

10.6 

5.1 

3.8 

2.1 

1.1 

.7 

1.0 

1.8 

.6  1 

LH 

29.- 

3.5 

2.5 

8.0 

6.8 

8.6 

1.9 

1.1 

.6 

1.0 

1.3 

.5 

5.4 

30 

3.2 

6.9 

8.4 

3.3 

1.7 

1.0 

.6 

1.1 

1.2 

•S  , 

5.5 

31 

3.6 

6.0 

3.3 

1.0 

.5 



1.1 

t 

4,4 

u  16.00,  lip. m.. 

fcl3.2,  Up.m. 

ciriAH),  12  p.  m.,  rising  1  foot  in  2  hours. 

d  Ice  running. 


f  Slush  ice  running. 

/  Anchor  io©  running. 

0  River  frozen  December  5  to  28, 1904. 

A 18  feet  at  noon. 
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Rating  tabU  for  West  Branch  of  S^wjuehanna  River  at  Willianuport,  J^,,far 

1895  to  J904. 


GNtfe 
heSht. 

Discharge. 

GMre 
height 

1 
Diacharge. 

Seeond'/eet. 

Gage 

height. 

Diachftrge* 

Gage 

1  height 

1 

F>et. 

DiMt^hargo. 
Second-feet. 

Feet. 

Sectmd-feet. 

F>et. 

Second-feet. 

-0.2 

410 

2.2 

4,530 

6.0 

18,330 

10.6 

1 

47,400 

.0 

600 

2.3 

4,770 

'      6.2 

19,330 

10.8 

49, 0<M> 

.1 

710 

2.4 

5,010 

6.4 

20,840 

11.0 

50,600 

.2 

830 

2.5 

5.250 

6.6 

21,860 

11.2 

52,200 

.3 

970 

2.6 

5,500 

6.8 

22,380 

:     11.4 

53,800 

.4 

1,120 

2.7 

5.760 

7.0 

23,400 

11.6 

55,500 

.5 

1,280 

1      2.8 

6,020 

7.2 

24,600 

:     11.8 

1 

57,200 

.6 

1,440 

2.9 

6,300 

7.4 

25,700 

12.0 

1 

58,900 

.7 

1,610 

3.0 

1 

6,680 

7,6 

26,900 

1    12.2 

60,700 

.8 

1,780 

3.2 

7,170 

7.8 

28,100 

.    12.4 

62, 500 

.9 

1,960 

3.4 

7,780 

8.0 

29,300 

1    12.6 

64,300 

1.0 

2,140 

3.6 

8,400 

8.2 

30,500 

'     12.8 

66,100 

1.1 

2,320 

3.8 

9,030 

8.4 

31,800 

13.0 

67,900 

1.2 

2,510 

4.0 

9,690 

8.6 

33,100 

13.2 

69,800 

1.3 

2,700 

4.2 

10,400 

8.8 

1 

34,400 

13.4 

71,700 

1.4 

2,890 

4.4 

11,150 

,      9.0 

35,800 

13.6 

73,600 

1.5 

3,080 

4.6 

11,940 

9.2 

37,200 

13.8 

75,500 

1.6 

3,270 

4.8 

12,750 

9.4 

38,600 

14.0 

77,500 

1.7 

3,460 

5.0 

13,600 

9.6 

40,000 

14.5 

82,600 

1.8 

3,660 

5.2 

14,500 

9.8 

41,400 

15.0 

87,800 

1.9 

3, 860 

5.4 

15,420 

10.0 

42,800 

1 

2.0 

4,070 

5.6 

16,370 

10.2 

44,300 

2.1 

4,300 

5.8 

17,340 

10.4 

45, 800 

' 

HYDROUBAl'HY    OF   HUSmiKHANNA    BASIN. 


Imms.^    flow  of  wkst  branch  at  williamsport. 
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I  River  iit 


Jul.    Fab.    KftT.    Apr.    Mar.  June.  JnlT-    Aoc.    B«pt.    Oct.   Not.     Dec. 


l.OlOl 

i.ain 
l.iW 


30  4,7m 
m  a,  mo 

m  S.BOD 

eot  6,aa 

S1.B80 
1,070 


■M  a!  em 

M  3,080 


HTDEOGRAPHY    OF    8CSQUEHANNA    BASIN. 


[so.  109. 
I  River  at 


10,770 

l^lSO     

U,9(W     6,010 


6,  on 
Mino 

h.tto\ 

(.Ml 


6.S80 


». 11,M0 


39 e.flOO 


:    H,sni 
:    ii,3Hi 

0,1(91 


s,mn 

S,MD 


]      FLOW    OF    WEST    BRANCH    AT    WILLIAMHI'OBT. 

,  in  nerimd-feet,  of  Weat  Branch  nf  Silaq 
'iUiamtpori,  Pa.,  ISBS-ISOt—CoutiimeA. 


HYDBOGBAPHY   OF   SUaQDEHAKWA   BA9IH. 

je,  in  Mcond-feet,  of  West  Branch  of  Su»q 
WilliaTnsport,  Pa.,  18SS-l904—CoatiajieA. 


rsom»o°.]     FLOW   or   WEST   BRANCH   AT   WILUAM8PORT. 
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Estimated  monthly  dUcharge  of  West  Branch  of  SuHquehanna  River  at  Williams- 
port,  Pa.,  LS!ir>-i!Hf4. 

[Diuioage  area,  ft,<MO  aquare  miles.] 


Month. 


1885. 

March 

April 

May 

June. 

July 

Angnst 

September 

October 

NoTember 

December 

The  period 

1896. 

Jantiary 

February 

March 

April 

May 

Jime 

Jtily---- 

August  - 

September 

October 

Noyember , 

December 

The  year... 


Diflchftrge  in  second-feet. 


Maxlmnm. 


46,600 

58.900 

10, 770 

19,880 

11,540 

8,660 

3,660 

970 

6,870 

28,400 


58,900 


22,380 
49,000 
76,600 
67,900 

8,090 
28,400 
22,880 
22,890 

4,070 
49,000 
26,300 
18,600 


76,500 


Minimum. 


10,400 
4,580 
8,270 
880 
410 
600 
410 
410 
500 
880 


410 


2,700 
3,080 
4,070 
8,710 
2,140 
2,510 
8,270 
1,280 
970 
1,610 
4,800 
2,700 


970 


Mean. 


20,751 
20.166 
5,513 
3,480 
2,946 
1,898 
1,080 
746 
1,462 
4,528 


6.252 


5,706 

10,861 

13,809 

20, 118 

3,858 

7,454 

6,276 

6,882 

1,560 

13, 137 

8,770 

6,245 


8,681 


Rn-<i-off. 


Second-fee  ti 


liersquart) 
mile. 


8.679 
8.576 
.978 
.617 
.522 
.386 
.183 
.182 
.259 
.802 


1.108 

1.012 
1.926 
2.448 
8.567 

.688 
1.822 
1.118 
1.182 

.277 
2.829 
1.554 
1.107 


Depth  in 
inchefl. 


1.589 


4.241 
8.990 
1.128 
.688 
.602 
.387 
.204 
.152 
.289 
.924 


12.605 


1.167 
2.077 
2.822 
8.980 

.787 
1.475 
1.288 
1.805 

.309 
2.685 
1.734 
1.276 

20.899 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  109. 


Estimated  monthly  discharge  of  West  Branch  of  Susquehanna  River  at  Williarns- 

port,  Pa,,  lS95-1904—CouiiD.vied. 

[Drainage  area,  5,640  sqnare  milee,] 


Month. 


1897. 


January  . 
Pebmary  . 

March 

April 

May 

June 

Jnly 

Angnst  ... 
September 
Octol)er  _ .  - 
November 
December . 


Discharge  in  aeoond-feet. 


Mazimnm. ,  Minimnm. 


9,860 

34,400 

58,000 

84,400 

84,400 

5,010 

12, 750 

8,090 

5, 010 

1,960 

16, 850 

27,500 


The  year 


1898. 


Jannary  . 
February 
March  . . . 
April 


58,000 


42,100 

81,800 

162,600 

88,700 

May i      19,880 

June 8,090 

July 4,070 

August 22,380 

September 2,380 

October '      85,800 

November 88,600 

Deceml)er 81,100 


The  year |    162,600 


2,890 
3,080 
6,870 
5,760 
4,070 
2,140 
1,610 
1,780 
600 
&70 
1,120 
4,070 


600 


3,460 
4,300 
6,020 
5,760 
6,800 
2,140 
1,280 
1,960 
1,120 
1,280 
8,660 
2,700 


1,120 


Mean. 


4,955 

9,495 

25,589 

13, 869 

14,294 

3,046 

3,409 

3,712 

1,706 

1,286 

6,716 

11,475 


8,295 


15,799 

12,211 

31,857 

12,900 

10, 586 

4,289 

2,056 

4,467 

1,529 

7,872 

8,518 

7,590 


9,885 


Rnn-off. 


Second-feet 

Iier  square 

mile. 


0.878 

1.684 

4.537 

2.459 

2.684 

.540 

.604 

.658 

.302 

.228 

1.191 

2.034 


1.471 


2.801 

2.165 

5.560 

2.287 

1.868 

.760 

.864 

.792 

.271 

1.807 

1.509 

1.846 


1.752 


Depth  in 
inches. 


1.012 

1.754 

5.231 

2.744 

2.921 

.602 

.696 

.759 

.337 

.263 

1.329 

2.345 


19.993 


3.230 

2.254 

6.410 

2.552 

2.154 

.848 

.420 

.914 

.302 

1.507 

1.684 

1.552 


23.827 
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Ettimairti  mnnthly  diachargeof  Went  Branch  of  Smufnehanna  River  at  W'iiliaiuH' 

port,  Pa.,  7.v»5-/W>^— Continued. 


Month. 


1899. 


January 
Febroary 

March 

Aprfl 

May 

June 

July 

Aiignst 

September 
October  ... 
November. 
December . 


DlMharge  is  aecond-feet. 


I 
llfaxlmom. :  Minimum. 


The  year 


29,:)00 

31,100 

68,H00 

28,100 

25,100 

5, 010 

3,460 

5, 250 

3,080 

1,280 

9,o:)0 

26.300 

68,800 


1900. 


January 67,900 

Pebmary 41,400 


I 


March 

Apifl 

May 

Jime 

July 

Angnst 

September 

October 

Norember ,    110,100 

December. 24,600 


85,800 
22,890 
9,690 
8,090 
8,460 
2,140 
1,780 
8,660 


I 


6,580 

4,770 

15,420 

6,870 

4,070 

1,280 

970 

600 

970 

710 

1,120 

3,080 

600 


The  year.. 


110,100 


5, 250 

6,020 

5,250 

8,400 

3,460 

1,780 

1,280 

710 

710 

710 

1,610 

3,660 

710 


Mean. 


12,005 
9,808 
27,500 
15,693 
7,484 
2,724 
1,748 
1,385 
1,845 
1,008 
5,744 
9, 258 


7,971 


18,984 

14,095 

15,639 

18,992 

4,928 

4,043 

2,046 

1,811 

981 

1,821 

9,828 

8,562 

7,561 


Run-off. 


8econd-ftH»t 

pt«r  Hunart* 

miUv 


T>npth  ill 
in(*U«w. 


2.128 

2.458 

1.649 

1.717 

4.876 

5.622 

2.782 

8.104 

1.827 

1.580 

.488 

.689 

.810 

.a57 

.237 

.273 

.327 

.365 

.179 

.206 

1.018 

1.186 

1.641 

1.892 

1.413 

19.194 

2.470 

2.848 

2.499 

2.602 

2.773 

8.197 

2.481 

2.768 

.873 

1.006 

.717 

.800 

.868 

.418 

.282 

.267 

.165 

.184 

.323 

.872 

1.654 

1.845 

1.518 

1.750 

1.889 

18.057 
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Estimated  monthly  discharge  of  West  Branch  of  Susquehanna  River  at  WiUiam- 

port,  Pla.,  ISSS-lQOJh-Con^njiQA,, 


MontlL 


1901. 

January . . 

February 

March ... 

April -. 

May 

June 

.Inly 

Augnst 

September 

October 

November 

December 

The  year . . 

1902. 

January  

February 

March 

April 

May 

June 

July  -.   

August 

September  _ . .  . . 

October 

November 

December 

The  year .  - 


Discharge  in  seoond-f  eet. 


Mailmnni. 


11,540 

6,250 

52,200 

89,900 

77,500 

41,400 

6,870 

28,100 

22,380 

4,070 

21,870 

150,900 


150,900 


22,180 

49,800 

164,100 

105,500 

7,780 
10, 770 
49,000 
18,600 

6,020 
10,040 

8,860 
48,200 


164,100 


Minlmimi. 


2,140 
1,960 
2,140 
9,690 
8,660 
5,500 
1,610 
1,610 
2,510 
1,440 
1,120 
8,660 


1,120 


8,270 
3,660 
8, 710 
4,770 
2,890 
1,440, 
6,870 
1,120 
830 
1,960 
1,780 
2,140 


Mean. 


5,182 

3,010 

20,920 

27,533 

15,403 

12,311 

2,911 

7,049 

6,296 

2,122 

4,266 

20,276 


10,606 


7,090 
8,517 

89,585 

20,096 
4,711 
3,371 

20,095 
4,868 
1,722 
3,546 
2,461 

12, 508 


Ban-off. 


Second-feet 

per  square 

mile. 


0.919 

.584 

3.709 

4.882 

2.731 

2.183 

.516 

1.250 

1.116 

.376 

.756 

3.595 


Depth  In 

inch(f««. 


1.881] 


1.060 

.  5oo 

4.280 

5.447 

8.148 

2.436 

.595 

1.441 

1.245 

.433 

.844 

4.145 


25.630 


1.267 

1.449 

1.510 

1.572 

7.019 

8.093 

3.563 

3.975 

.835 

.963 

.596 

.667 

3.563 

4.108 

.863 

.995 

.305 

.340 

.629 

.725 

.436 

.486 

2.217 

2.556 

830  ;     10,714 


1.899       25.928 


HOTT  AND 
▲NDUSON 


']     FLOW   OF   WEST   BRANCH    AT    WILLIAMSPORT. 


83 


EMimated  monthly  ducharge  of  West  Branch  of  Susquehanna  Rit'^er  at  Williams' 

port,  JfVi.,  lS96-1904'-Continned. 


Honth. 


1908. 

Jamiary 

FelnTiary 

Maich 

April 

May 

Jxme 

July 

AnguBt    .  - 

September 

October 

November 

December 

The  year . . 

1904. 

January 

February 

March 

April 

May 

June 

July 

Angnst  - 

September 

October 

November 

December 

The  year . . 


Dlacharg^  In  aeoond-f eet. 


Bim-off. 


MAzimum. 


50,eoo 

93,100 

110,700 

66,800 

6,010 
87,200 
29,800 
24,000 
17,340 
28,100 
68,900 

6,010 


110,700 


70,700 

46,800 

185,100 

107,800 

28,100 

18,830 

29,950 

2,510 

2,820 

8,460 

2,140 

8,010 


186,100 


Minimum. 


4,580 
8,400 
11,150 
6,760 
1,960 
1,280 
4,070 
2,890 
2,820 
1,960 
2,510 
2,140 

1,280 


2,890 
5,010 
5,760 
7,170 
5,250 
3,460 
2,140 
970 
880 
1,280 
1,280 
1,120 


Mean. 


9,948 

24,459 

35, 220 

17,825 

2,988 

7,929 

9,747 

6,019 

5,890 

8,813 

8,773 

3,519 

11,715 


Aecond-feet 

I>er  aaoare 

mile. 


9,477 

10,320 

36,070  ' 

28,760 

12, 080 

7,170 

6,219 

1,541 

1,170 

2,809 

1,648 

1,660 


880 


9,460 


1.768 
4.387 
6.246 
8.160 

.521 
1.407 
1.728 
1.067 
1.044 
1.474 
1.555 

.624 


Depth  In 
InobeH. 


2.07^ 


1.68 

i.as 

6.40 
4.21 
2.14 
1.27 
1.10 
.273 
.207 
.409 
.292 
.294 


1.68 


2.082 
4.516 
7.200 
3.526 

.601 
1.669 
1.992 
1.230 
1.165 
1.699 
1.736 

.719 


27.984 


1.94 
1.97 
7.38 
4.70 
2.47 
1.42 
1.27 
.815 
.231 
.472 
.326 
.339 


22.88 


84  HYDROGRAVHY    OF   flTTftQUEHANNA    BASIN.  Tno.  100. 

WEST  BRANCH   OF  SUSQUEHANNA  RIVER  AT  ALLENWOOD,  PA- 

Observations  of  height  of  water  on  the  West  Branch  have  been 
made  by  the  Weather  Bureau  at  Lock  Haven,  Pa.,  47  miles  above 
Allenwood.  The  drainage  area  is  given  as  3,740  square  miles,  and 
the  width  of  river  1,125  feet.  The  gage  is  in  two  sections.  The  lower 
section  is  painted  on  the  side  wall  of  the  canal  lock  and  the  upper  is 
on  the  highway  bridge  over  the  river.  The  elevation  of  the  zero  is 
555.7  feet.  The  highest  water  was  18  feet,  on  June  1,  1889,  and  the 
danger  line  is  at  10  feet. 

A  gaging  station  was  established  on  the  West  Branch  by  E.  G.  Paul 
on  March  25,  1899,  at  Allenwood,  Pa.,  20  miles  above  the  junction 
with  the  main  stream.  Measurements  are  made  from  the  public 
highway  bridge,  one-fourth  of  a  mile  east  of  the  railroad  station  at 
Allenwood.  The  wire  gage  is  42.15  feet  from  zero  to  the  end  of  the 
w^eight,  and  is  referred  to  a  pine-board  scale  fastened  to  ironwork  of 
the  bridge  and  divided  into  feet  and  tenths.  The  initial  point  of 
soun<lings  is  at  the  end  of  the  iron  guard  rail  on  the  right  bank.  The 
channel  is  straight  for  one-half  a  mile  above  and  below  the  station. 
The  current  is  sluggish,  but  unobstructed.  The  banks  are  low  and 
subject  to  overflow  at  time  of  high  water.  The  bed  of  the  stream  is 
rocky  and  permanent.  The  observer  is  Frank  L.  Allen,  a  farmer,  li  vinji: 
200  feet  from  the  gage.  A  bench  mark  was  established  on  Septeml>er 
24,  1900.  It  consists  of  a  copper  bolt  set  in  the  capstone  of  the  wing 
wall  on  the  lower  side  of  the  west  end  of  the  bridge,  and  is  33.19  feet 
above  datum  of  the  gage. 

This  station  was  discontinued  in  April,  1902,  the  station  at  Wil- 
liamsport  taking  its  place. 
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Discharge  meamirementa  of  West  Branch  of  Susquehanna  River  at  AllentnMMf, 

Pa.,  1899-19(tS, 


Date. 


1899. 
Mar.  24 
June  8 
July  28 
Sept.  15 
Oct.     17 

1900. 
May    18 
Sept.  24 

1901. 
Aug.    17 
Oct.     26 


Hydrogmpher. 


E.  G.  Paul 
.    do... 

do    -  . 

do    ... 

do  .... 


E.  G.  Paul 
do... 


E.  G.  Paul 
do  . ... 


1902. 
Apr.    21     E.  G.  Paul 


Gmm 
height. 


Feet. 
7.00 
8.00 
2.05 

1.90 
1.70 

8.20 
l.SO 

4.10 
2.80 

4.40 


AreAof 
section. 


Mean 
velocity. 


Squart 
fetL 

7,885 
3,867 
2,625 
2,487 
2,187 

8,729 
327 


4,460 
2,824 

4,786 


(  Feet  per 
'  eecomi. 


DiD- 
chaiv<*- 


Smmtl- 
fret. 


4.06 

32,  o:n 

1.18 

3,988 

.52 

1,360 

.51 

1,234 

.39 

842 

1.29 

4,812 

1.56 

511 

1.99 

8,a57 

.81 

2,308 

2.09 

9,896 

8(i 
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[NO.    109. 


Mean  daily  gage  height ,  in  feet,  of  West  Branch  of  Susquehanna  River  at  AJlcn- 

wood.  Pa.,  1899-190^, 


Day. 


1899. 


2- 
3. 
4. 

6. 
6. 

7. 

8. 

9. 
10. 
11. 
12. 
13 
U. 
16- 
16- 
17. 
18. 
19. 
20. 
21- 
22. 
23. 
24. 
26. 
26. 
27 
28. 
2» 
31). 
31. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9- 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26 
27. 
2H. 
2». 
W. 
31. 


1900. 


Jan. 


Feb. 


Mar. 


4.50 
5.50 
5.70 
6.80 
5.90 
5.90 
5.90 
4.70 
3.70 
3.90 
4.20 
4.50 
4.40 
4.20 
4.00 
4.00 
4.00 
4.20 
4.50 
5.30 
18.20 
12.20 
8.50 
6.60 
6.30 
6.10 


30 
60 
60 
50 


8.20 
3.20 
3.40 
3.40 
3.50 
3.60 
8.80 
4.50 
5.00 
5.30 
5.60 
5.30 
6.00 
7.70 
7.30 
6.60 
6.20 
6.40 
5.60 
5.90 
6.00 
8.20 
10.15 
7.85 
6.60 
5.00 

6.  a) 

4.80 


8.20 


7.00 
7.00 
6.70 
6.30 
6.40 
6.20 
6.70 
7.80 
7.85 


7.55 
9.60 
7.70 
7.00 
6.00 
6.40 
5.80 
5.90 
6.10 
6.40 
6.90 
6.20 
5.40 
6.00 
4.00 
4.00 
3.90 
8.80 
3.70 
6.80 
7.10 
6.90 
6.60 
6.10 
5.90 
6.50 
6.20 
5.10 
5.00 
4.90 
4.80 


Apr. 


6.70 
6.31) 
80 
35 
05 
90 
80 
6.45 
7.80 
7.40 
6.60 
6.20 

Q.m 

7.00 
6.90 
6.  HO 
6.40 
5.60 
5.40 
5.00 
4.80 
4.70 
4.50 
4.40 
4.30 
4.80 
4.30 
4.20 
4.80 
4.10 


May. 


5.00 
5.30 
5.40 
5.80 
6.90 
6.20 
6.40 
6.20 
7.30 
6.00 
5.70 
5.30 
4.90 
4.80 
4.80 
4.60 
4.70 
6.00 
7.00 
6.90 
6.30 
6.20 
6.00 
6.30 
6.00 
5.60 
5.30 
4.80 
4.60 
4.40 


3.80 
3,80 
3.80 
3.90 
3.80 
3.60 
3.60 
3.30 
3.40 
3.60 
3.60 
3.70 
3.50 
3.40 
3.30 
3.20 
3.40 
3.80 
7.40 
6.60 
6.75 
6.16 
4.70 
4.35 
4.00 
8.80 
3.00 
3.60 
3.40 
8.40 
8.50 


4.30 
4.20 
4.20 
4.00 
3.80 
3.50 
3.30 
3.30 
3.20 
3.20 
3.20 
8.20 
3.60 
8.40 
3.40 
8.30 
3.20 
3.20 
3.60 
3.60 
3.30 
3.20 
3.00 
3.00 
3.00 
3.00 
3.40 
3.20 
3.00 
3.00 
8.20 


June.  July. 


3.50 
3.60 
3.40 
3.40 
3.30 
3.20 
3.00 
3.00 
2.90 
2.90 
2.70 
2.00 
2.60 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.80 
2.50 
2.60 
2.70 
2.70 
2.80 


3.90 
8.90 
3.90 
4.00 
4.10 
3.90 
3.60 
3.50 
8.40 
3.30 
3.20 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.80 
2.70 
2,70 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 


2.90 
2.70 
2.60 
2.60 
2.40 
2.40 
2.80 
2.40 
2.20 
2.00 
2.10 
2.80 
2.20 
2.20 
2.30 
2.20 
2.30 
2.40 
2.60 
2.80 
3.00 
2.70 
2.50 
2.80 
2.20 
8.20 
2.10 
2.00 
1.90 
1.80 
2.00 


2.10 
2.80 
2.60 
2.60 
2.30 
2.80 
2.20 
2.20 
2.20 
2.30 
2.60 
2.70 
2.90 
2.80 
2.60 
2.60 
2.50 
2.40 
2.20 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
2.20 
2.20 
2.20 
2.20 
2.00 


Aug. 


8.00 
2.00 
8.00 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.70 
3.70 
8.00 
2.60 
2.60 


1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.40 
1.60 
1.60 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
2.80 
2.30 
2.30 
2,30 
2.30 
2.20 
2.30 
2.10 
2.10 
2.00 


Sept. 


2.70 
8.70 
8.70 
8.50 
8.40 
8.30 
2.10 
2.00 
8.00 
8.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
8.00 
8.00 
8.00 
2.00 


2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.00 
1.60 
1.60 
1.60 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.80 


Oct. 


8.00 
8.00 
1.90 
1.90 
1.90 
1.90 
1.90 


1. 
1. 
1. 
1. 


90 
90 
80 
80 


1.80 


1. 
1. 


70 
70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 


1.80 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.80 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.10 
2.00 
1.90 
1.90 
2.10 
2.20 
2.40 
2.50 
2.00 
2.40 
2.40 
2.30 
2.20 


Nov. 


4. 
5. 
4. 
4. 


2.20 
3.60 
80 
,20 
.60 
.00 
8.40 
a20 
3.00 

aoo 

8.00 
&20 

aao 

3.40 
&60 

&eo 

8.80 
3.90 
4.10 
4.30 
4.10 
4.00 
a90 

a80 
a  70 
aeo 
a4o 
aso 
a20 
aio 


a  10 

2.10 

a  10 
a  10 
a  10 
aoo 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.90 
a  40 
3.00 
5.01) 
7.70 
15.75 
10.05 
8.25 
6.60 


2 


911 

7<i 
711 
71 » 


a 

2 
2 
5 

8 


2.a) 
2.a» 

2.0) 

eri 

IK) 
30 
40 
7.4t) 
a  .51) 
5.80 
5.10 
4.90 
4.80 
4.70 
4.90 
4.AI 
4.21) 
5.15 
7.25 

5.ao 

5.00 
4. 50 
4.10 

aoo 
a  40 


5. 7.*) 

5.<ii» 
5.«l 
5.  SI) 
6.44» 
6.7I» 
6.(1) 
5.60 
4.9U 
4.60 
4.30 
4.  a) 
8.80 

aoo 
a») 

3.30 

a  21) 
a  10 

a  10 
a  10 
aoo 
aoo 
a  01) 
a  (I) 

3.(1) 

a  01) 
aoo 
aoo 
a  oil 


nOTT    AND 
ANDERSON. 
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McLH  daily  ffoge  height,  in  feet ^  of  West  Branch  of  Fiumtehannii  River  at  Allen- 
wood,  Pa.^  I899'l90if—Coniinjiea. 


1. 

«.» 

'A. 
i 
5. 
8. 

i  . 

9. 

11. 

1*. 

13. 

U. 

15_ 

16. 

17. 

IH 

19. 

3J. 

21. 

S. 

23. 

24. 

25. 

3B. 

27. 

». 


Day. 


i«(a. 


Jan. 


3.00 
3.00 
8.00 
3.00 
3.00 
80 
70 
AO 
50 
90 
3.40 
3.80 
4.50 


i«e 

1 

^V.     " . 

4 

ft 

6 

7_ 

8 

9 

10_ 

U. 

12 

13 

14 

15 

1« 

17 

18 

19 

20 

21 

2S_ 

23 

34 

25 

» 

27 

a... 

2B 

30 

31 


4. 
4. 
4. 
4. 
4. 


.90 
SO 
,30 
,00 
,00 
3.90 
3.50 
3.80 
3.00 
3.00 
2.80 
2.50 
2.50 
2.50 
2.60 
2.30 
2.50 
2.50 


3.80 
3.80 
3.00 

aeo 

3.50 
3.50 
3.50 
3.60 
8.40 
8.40 
8.40 
8.30 
8.20 
3.20 
3.20 
8.20 
a20 
8.10 
3.10 
3.10 
a40 
7.40 
6.80 
6.00 
6.50 
6.80 
6.90 
5.90 
5.90 
6.80 
6.40 


Feb.    Mar. 


2. 
2. 
2. 
2. 
2. 


SO 

60 
,60 
,60 
,00 
2.80 
3.<J0 
2.60 
3.00 
.^.50 

or) 

,(W 
HO 
.20 
,00 
,80 
3.50 
3.20 
3.f« 
8.00 
3.20 
3.00 
3.90 
a  00 
00 
,00 

a  00 
a  00 


4. 
4. 

a 

4. 
4. 
3. 


a 
a 


5.40 
5.20 


4. 

4. 
4. 

4. 
4. 

4. 


90 
90 
90 
90 
80 
80 


4.80 


80 
80 
70 
70 
60 


4.50 


70 
70 
TO 
70 
70 
70 
70 


6.50 
7.00 
7.40 
5.50 
5.90 
9.70 


aoo 

a  00 

2.90 

a  a) 
a  50 


4. 
5. 
5. 
5. 
4. 
9. 
9. 
9. 
8. 
7. 


8. 
H. 
8. 


11. 
8. 

7. 


Apr.    May. 


80 
,20 
.50 
.80 
,80 
60 
70 
10 
.50 
40 
6.80 
6.20 
5.80 
7.20 
8.00 
.00 
,00 
00 
7.00 
7.20 
9.40 
11.20 


20 
TO 
00 


6.00 


21.60 

19.40 

15.50 

11.50 

a  20 

6.80 

6.40 

5.50 

4.90 

6.40 

7.ao 
a  40 

10.00 

a  90 
aoo 
a  80 

12.20 
10.00 

aoo 

7.40 

a  70 
a  40 

6.70 
5.40 
5.20 
4.80 
4.70 
5.00 
5.60 
a  10 

a  20 


5.80 
5.60 
5.20 

a  50 
a  80 

7.W 
9.15 
10.00 
11.15 
9.30 
8.30 
7.00 
a  80 
6.40 

a  30 

5.80 
40 
20 

5.10 

a:*) 

11.45 

14.35 

11.65 

10.20 

9.30 

a  50 

7.40 

5.80 


4. 

4. 
5. 
5. 
5. 
4. 


70 
flO 

m 

21) 
00 
90 


Jane. 


5  I 


4.70 


5. 

a 


60 
40 
00 
20 
30 
80 
40 
50 
4.  ST) 
4.70 
4.00 


a  60 
7.70 
20 
70 
a  70 
5.00 

a  70 
a  90 
aoo 
a  90 
aoo 
a  20 
aoo 

4.90 
4.80 
4.40 


Jnly. 


2.90 
2.90 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.  TO 


Aug. 


rn  I 


4. 
4. 

4. 
4. 
5. 


5. 

a 


30 
00 


,80 

40 

,20 

,20 

20 

a  20 

a  80 
aoo 
a  40 

7.10 
11.15 

laoo 

10.40 


4. 
4. 

4. 
4. 


3Q 

10 

.00 

00 

a  90 

a  80 
a  70 
a  50 
a  30 
a  30 
a  10 
a  10 

2.90 
2.90 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


I 


TO 
70 
60 
.60 
.50 
50 
,50 
40 
2.40 
2.80 
2.20 
2.10 
2.10 
2.00 
2.a) 
2.00 
2.011 
2.20 
2.30 
2.40 
2.50 
2.50 


50 
40 
40 
31) 
30 
20 
30 
2.60 
a  10 

aoo 

2.90 
2.80 
2.80 
2.70 
2.  TO 
2.60 
4.10 
4.30 
4.60 
4.70 
4.60 
a  40 
7.90 
7.  TO 
a  80 

a  30 
a  70 

4.80 
4.30 
4.30 
4.10 


Sept.     Oct. 


4.10 
4.20 
4.20 


4. 
4. 
4. 
4. 
4. 


"n.    ' 


.30 
40 
40 

.20 
10 
a  90 

a  90 
a  80 
a  80 
a  80 
a  80 

8.60  • 

a  70 
a8o . 
a  90 
a  80 
aoo 
aso  I 
a  50 
a  30 
a  30 
a  20 
a  20 
aoo 

2.80 
2.70  1 
2.80 


aso 

a  20 
a  10 
a  10 

3.00 

a  10 
a  20 
a  30 
a  40 
a  40 
aoo 
aoo 
a  70 
a  40 
a  20 
aoo 

90 
80 
70 
50 
40 
2.30 
2.30 
2.80 
30 
30 
30 
20 
2.20 
2.20 
2.30 


2. 

2. 
2. 
2. 
2. 


Nov. 


2.40 
2.00 
2.80 

aoo 
a  10 

3.10 
2.20 
2.40 
2.40 
a  40 

aoo 
a  40 
a  80 
a2o 
a2o 
a  10 
a  10 
aoo 
aoo 

2.90 
2.80 
2.60 
2.40 

aoo 

70 
90 
50 
80 
00 
30 


Dec. 


6. 
5. 
5. 
4. 
4. 
4. 


I 


a  40 
aso 
aso 
a  40 
a  80 
(«) 


4.00 
8.90 
a  70 

aoo 
a  40 
a  40 
a  20 
aoo 

7.20 

aso 
a  30 
a  20 

5.90 

aoo 

20.15 

17.70 

11.30 

7.40 

7.00 

5.90 


5. 
5. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


40 
10 
80 
50 
40 

:« 

30 
10 
10 
00 


aoo 


aDlaoontinned. 
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HYDROGRAPHY   OF  SUSQUEHANNA    BASIN. 


[Ha  100. 


Rating  table  for  West  Branch  of  Susquehanna  River  at  Allentcood,  Pa,,  for  1900 

to  190S. 


height. 

DiBcharge. 

Gage 

Discharge. 

Oaffe 
height. 

Discharge. 

Gase 
hei^t 

Discharge. 

Feet, 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

1 
Second-feet. 

1.2 

430 

3.5 

5,970 

5.8 

20,500 

9.2 

59,800 

1.3 

510 

3.6 

6,400 

5.9 

21,350 

9.4 

62,700 

1.4 

600 

8.7 

6,830 

6.0 

22,200 

9.6 

65.700 

1.5 

690 

3.8 

7,260 

6.1 

23,100 

9.8 

68,800 

1.6 

790 

3.9 

7,700 

6.2 

24,000 

1 

10.0 

72,000 

1.7 

900 

4.0 

8,160 

6.3 

24,900 

10.2 

75,300 

1.8 

1,040 

4.1 

8,630 

6.4 

25,900 

10.4 

78,600 

1.9 

1,220 

4.2 

9,110 

6.5 

26,900 

10.6 

82,000 

2.0 

1,410 

4.3 

9, 610 

6.6 

27,900 

10.8 

85,500 

2.1 

1,610 

4.4 

10, 140 

6.7 

28,900 

11.0 

89,000 

2.2 

1,830 

4.5 

10,710 

6.8 

29,900 

11.2 

92,600     1 

2.3 

2,070 

4.6 

11,300 

6.9 

31,000 

11.4 

96,300 

2.4 

2,320 

4.7 

11,930 

7.0 

32,000 

11.6 

100,000 

2.5 

2,580 

4.8 

12, 600 

7.2 

34,200 

11.8 

103,800 

2.6 

2,850 

4.9 

13,300 

7.4 

36,500 

12.0 

107,600 

2.7 

3,130 

5.0 

14, 030 

7.6 

38,800 

12.2 

111,500 

2.8 

8,420 

5.1 

14, 780 

7.8 

41,200 

12.4 

115,500 

2.9 

3,730 

5.2 

15,550 

8.0 

48,600 

12.6 

119,500 

3.0 

4,050 

5.3 

16,350 

8.2 

46,100 

12.8 

123,700 

3.1 

4,400 

5.4 

17, 170 

8.4 

48,700 

13.0 

128,000 

3.2 

4,770 

5.5 

17,990 

8.6 

51,400 

3.3 

5,150 

5.6 

18,820 

8.8 

54,100 

3.4 

5,550 

5.7 

19,650 

9.0 

1 

56,000 

( 

3] 

> 


Z 

o 

n 
C 
a 
< 
rn 

'I 


> 

z 
n 

I 


IP 

o 

c 
n 

I 
> 
z 
z 

> 


< 
n 

3J 

> 

> 
r 
r 
m 
z 

o 
o 
p 

> 


0 
2,000 

^  AAA 

^  1 

• 

It            t 

a         bi         «a         bi         4 

^            9             9            bi             01 

SI 

.? 

-^ 

"^ 

. 

♦s 

N 

4«000 
6,000 
8,000 

\ 

\ 

\ 

10,000 
12,000 

0  14,000 

1  16,000 

«  18,000 

1 
^20,000 

1 

22,000 
24,000 
26,000 
28,000 

80,000 
82,000 
84,000 
86,000 

X 

\ 

\ 

A-^a 

\ 

m 

c 

▼"•>* 

S 

s 

8 

\ 

o 

O 

=  :  = 

3 

« 

3 

3 

9  o 
o  < 

5P 

«o  5  ^ 

S°8 

5' 

\ 

^1 

o 

\ 

• 

7 
f 

\ 

\ 

m 

\ 

\ 

\ 

\ 

\ 

e 


c 
? 


5 


8 

? 

< 


">iE»i?^-J    FLOW   OF    WEST   BRANCH    AT    ALLFNWOOD,   PA. 
J/ntH  dailf  diacharge. 


laae.   Jnlj.  '  Aug.    Hept. 


g.Mn      tim 

S.070        791 


88,100 
SB,  too 
10.  MO 
14.  TW 
18.3nO 

u.two 


i.oto, 


ai.OTD 
IT. 170 

u.nao 
ai.soo 

».wo 

ai.MO 

iT.ffln 
13,  »n 
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Apr.     Mk}-.    Jaoe. ,  July.    Ang,    Sept. 


(.(Ho|  2.UII.  t.aat  w.an  ii.sao  9i).ao  s.7% 


>  13.  am  I 
)  n.vau  1! 

I  I1.3I»  « 


<)  M.WI)   II 

I)  ai.mn  II 


!?fi 

'.:Z 

i'ttTI 

.aM) 

i: 

:^ 

i'w> 

M4..> 

K'sass ! 

,     !,Wi 

ilon 

8,1101 
1 
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Estimated  monthly  discharge  of  West  Branch  of  Susquehanna  River  at  Allentvoody 

Pa.,  1899-190:^. 

[Drainaire  area,  6^598  square  miles.] 


Month. 


March  (23-^1)   .. 

April 

May  -   

June  _ 

Jnly 

An^^nst 

September 

October 

November. 

December  _ 

The  period 

1900. 

January  

February 

March  .  _ 

April 

May 

June 

July 

August  -  -  - 

September 

October 

November 

December 

The  year . . 


Dischar^  In  aecond-feet. 


Maximum.    Minimum.        Mean. 


41,200 

41,200 

36,500 

5,»70 

4,050 

6,830 

8, 130  ' 

1,410 

15,550 

48,700 


48.700 


132, 300 

74,500 

65,700 

85, 300 

9,610 

8,630 

3,730 

2,070 

1,410 

2,850 

193, 400 

28,900 


24,000  ! 
8,630 
4,770 

i.aso 

1,040 
790  * 

1.220 
790 

4,050 

2,850 


790 


4,770 

4, 770  I 

6, 830 

10, 140 

4,050 

1,610 

1,220 

600 

510 

430 

900 

4, 050 


30,411 

19,488 

8, 985 

3,383 

2,205 

1,428 

1,579 

980 

6,690 

12, 162 


8,731 


22,007 

20,515 

21,907 

19, 705 

5, 536 

4,  a55 

2,056 

1,120 

711 

1,451 

14, 291 

10,266 


10, 327 


Run-off. 


Second- 
feet  per  Depth  in 


square 
mile. 


inches. 


4.651 

2.981 

1 .  374 

.517 

.337  I 

.218  i 

.242 

.150 

1.023 

1.860 


1.335 


3.366 

3.188 

3. 851 

3.014 

.847 

.666 

.314 

.171 

.109 

.222 

2.186 

1.570 


1.557 

3.326 

1.584 

.577 

.388 

.251 

.270 

.173 

1.141 

2.144 


11.411 


8.881 

3.268 

3.863 

3.363 

.976 

.743 

.362 

.197 

.122 

.256 

2.439 

1 .  752 


1.578   21.222 
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HYDBOGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.   109. 


Estimated  monthly  discharge  of  West  Branch  of  Susquehanna  River  at  Allentoood^ 

Pa.,  1899-190^— Contmued. 


Month. 


Discharge  in  seoond-f eet. 


Maximum. 


1901. 

January 13,300 

February 9,110 

March  .._  92,600 

April 158,400 

May 128,000 

June 50,000 

July.._ 3,730 

August 42,400 

September 10,140 

October 6,830 

November 28,900 

December i  326,000 


The  year 326,000 


1902.  I 

January 36,500 

February 67,200 

March 377,200 


Minimam. 


2,580 
2,580 
3,730 
14, 030 
8,160 
3,730 
1,410 
1,830 
3,180 
1,830 
1,830 
4,770 


1,410 


4,400 
10,710 
11,930 


Mean. 


11,809 
17,151 
61,798 


Ban-off. 


5,054 

4,891 

35,284 

43,702 

22,106 

14, 822 

2,524 

10,313 

6,886  ; 

3,785 

6,715 

35,785 


Second- 

feet  per 

square 

mile. 


0.773 

.748 

5.397 

6.684 

3.381 

2.267 

.386 

1.577 

1.053 

.579 

1.027 

5.473 


15,989  I       2.445       33.501 


Depth  in 
inches. 


0.891 

.779 

6.222 

7.457 

3.898 

2.529 

.445 

1.818 

1.175 

.668 

1.146 

6.310 


1.806 
2.623 
9. 452 


2.082 
2.781 

10.897 


HO\T   AND 
▲XD£BaON 
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JUNIATA   RIVER  AT  NEWPORT,  PA. 

Juniata  River  rises  in  Center  County,  Pa.,  and  flows  in  a  general 
southeasterly  direction  into  Susquehanna  River  15  miles  above  llar- 
risbnrg.  Its  drainage  area  is  mountainous  and  for  the  most  part 
covered  with  forest  growth. 

This  station  was  established  at  Newport,  about  15  miles  above  the 
mouth  of  Juniata  River,  March  21, 1899,  by  E.  G.  Paul.  The  standard 
boxed  chain  gage  was  locate<l  on  the  covere<l  wagon  bridge  which  was 
8O0  feet  east  of  the  public  square  at  Newport,  Pa.  It  was  attached  to 
the  bridge  timbers  inside  of  the  bridge  near  the  right  bank.  The 
length  of  the  chain  from  the  end  of  the  weight  to  the  marker  was  39.54 
feet.  The  gage  is  read  once  each  day  by  A.  R.  Bortel.  Bench  mark 
No.  1  is  on  the  extreme  east  end  of  the  stone  doorsill,  south  front  of 
Butz's  store  building,  near  end  of  bridge;  its  elevation  is  28.83  feet 
above  gage  datum.  Bench  mark  No.  2  is  on  shelf  in  southeast  comer 
of  underpinning  of  store  of  J.  M.  Ewing;  its  elevation  is  27.37  feet 
above  gage  datum.  This  bench  mark  was  set  by  the  Pennsylvania 
Railroad,  and  according  to  their  records  its  elevation  is  390.69  feet 
above  sea  level.  Discharge  measurements  were  made  from  the  lower 
side  of  the  four-span  wagon  bridge  to  which  the  gage  was  attached. 
The  initial  point  for  soundings  was  the  end  of  the  woodwork  of  the 
bridge  on  the  right  bank  downstream  side.  In  the  fall  of  1904  this 
bridge  was  replaced  by  a  steel  structure.  During  its  construction  the 
stage  of  the  river  was  obtained  by  means  of  a  temporary  gage  staff 
attached  to  the  exposed  end  of  a  sewer  near  the  bridge.  This  gage 
WHS  set  at  the  same  elevation  as  the  old  one.  As  soon  as  the  bridge 
is  completed  a  standard  chain  gage  will  be  put  in  place.  The  chan- 
nel is  straight  for  one-half  mile  above  and  below  the  station.  Both 
banks  are  high  and  are  not  subject  to  overflow.  There  is  a  single 
channel,  broken  by  three  bridge  piers.  The  piers  do  not  interfere  with 
the  flow  of  the  stream  and  there  is  little  eddying  and  boiling  near 
them.  The  bed  is  of  hard  material  and  is  probably  permanent. 
There  is  a  good  measurable  velocity  at  all  stages. 
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HYDROGRAPHY    OF   SUSQUKHANNA    BASIN. 


I  NO.  109. 


Discharge  measurements  of  Juniata  River  at  Newport y  Pa,,  1899-1904., 


Date. 


1899. 
Mar.  21 
June  9 
July  31 
Sept.  14 
Oct.    18 

1900. 
May    17 
Sept.  22 

1901. 
Aug.  14 
Oct.    24 

1902. 
Apr.    19 
Sept.  17 

1903. 
Mar.     9 
Apr. 
May 
June    3 
Oct.      6 
Nov.     3 

1904. 
July   16 


2 

7 


Hydrc^rapher. 


E.  G.  Paul 

do  .... 

do  .... 

do  ... 

do  .   -. 


E.  G.  Paul 
.....do'.... 


E.  G.  Paul 
do  .... 


E.  G.  Paul 
do  .... 


E.  C.  Murphy 

do 

do 

J.  C.  Hoyt    . . 


W.  C.  Sawyer 

Brundage  and  Sawyer 


N.  C.  Grover 


Gage 
height. 

Feet. 
6.60 
3.20 
2.90 
4.55 
2.90 


3.40 
2.80 

3.40 
3.10 

5.00 

2.84 

6.21 
6.21 
3.96 
3.40 
8.40 
3.33 

4.28 


Area  of    Mean  ve- 
aection.       locity. 


Dia- 
charge. 


Sq.  feet. 
3,486 
1,158 


Ft.persec. 
3.75 
1.64 


o^» 

.ou 

1,755 

2.64 

661 

1.25 

1,139 

1.56 

723 

.58 

1,080 

1.77 

881 

1.46 

2,093 

3.24 

702 

1.05 

See.  feet. 

13,094 

1.903 

682 

4, 625 

829 

1,778 

418 

1,915 

i,2as 

6,T79 
734 


2,978 

3.64 

10.843 

2,988 

*3.53 

10,555 

1,409 

3.10 

2,963 

1,102 

1.38 

1,525 

1,044 

1.58 

1,655 

1,062 

1.51 

1,604 

1,520 

2.73 

4.152 

Hi»YT   AND 
ANDERSON. 


] 


FLOW    OK   JUNIATA    AT    NKWPORT,   PA. 


95 


Mean  tlaily  gage  height,  in  feet,  of  Juniata  River  at  Newport,  Pa.,  1899-1904, 


1 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

7.00 
6.10 
5.50 
5. 10 
4.90 
4.50 
4.30 
5.00 
7.80 
6.90 
5. 80 
.'i.50 
5. 10 
4.90 
4.80 
4.70 
5.50 
4.40 
4.30 
4.10 
4.00 
3.90 
3.80 
3.  HO 
3.70 
3.60 
3.«J0 
3.60 
3.50 
3.40 

4..'iO 
4.50 
4.50 
4.40 
4.50 
4.60 
4.50 
4.40 
4.40 
4.40 
4.40 
4.30 
4.30 

4.:«) 

4.30 
4. 10 
4.00 
4.00 
4.40 
4.70 
4.50 
4.50 
4.50 
4.70 
4.70 
4.70 
4.40 
4.») 
4.20 
4.20 

Kay. 

8.40 
3.40 
3.60 
3.70 
3.50 
3.40 
3. 40 
3.40 
3.60 
3.60 
4.U) 
4.10 
4.00 
3.  HO 
3.  HO 
3.60 
8.70 
4.10 
8.00 
7.30 
7.60 
5  10 
4.70 
4.40 
4.00 
3. 70 
3. 70 
3.70 
3.70 
4.10 
3.11 

4.10 
4.10 
4.00 
3.90 
8.80 
3.70 
3.70 
3.70 
3.60 
8.60 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
3.40 
3.50 
3.70 
4.U) 
3.70 
3.70 
3.60 
3.50 
3.50 
3.20 
3.30 
3.30 
8.30 
8.30 

June. 

^      3.11 

•    3.60 
3.50 
3.40 
3.30 
3.40 
3.:«) 
3.20 
3.20 
2.80 
2.HJ) 
2.  HO 

2.  HO 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.6r) 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.7(J 
2.70 

3.30 
3.30 
3.40 
3.70 
3.60 
3.40 
3.40 
3.30 
3.40 
8.60 
3.40 
8.:)0 

3.:« 

3.30 

3.:« 

8.30 
3.30 
3.30 
3.30 

d.:«) 

3.30 
3.:«) 

3.  :*) 

3.:*) 

3.20 
3.20 
8.60 
8.40 

3.:*) 
3.:io 

July. 

2.70 
2.70 
2.60 
2.50 
3.(1) 
3.00 
3.00 
3.U) 
3.10 
3.30 

3.:io 

3.10 
3. 10 
3.10 
3.00 
2.90 
2.90 
2.90 
3.00 
'    3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.80 
2.90 
2.90 
2.90 
2.90 

3.30 
3.20 
8.10 
3.10 
8.10 
8.10 
8.10 
8.10 
3.10 
8.10 
8.10 
3.10 
3.10 
8.00 
8.00 
3.00 
8.00 
8.00 
2.90 
2.90 
2.90 
2.90 
2.90 
8.20 
8.10 
3.10 
3.10 
3.10 
3.10 
3.00 
3.00 

1 

'  AQff. 

8.00 
3.(W 
3.00 
3.00 
3.(1) 
3.U) 
3.30 
3.60 
3.:«) 
3.20 
3.10 
3.10 
3.40 
3.10 
3.10 

3.  a) 

3.00 
3.(W 
3.00 
3.10 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
4.40 
4.10 
5.00 
4.40 

8.00 
3.00 
3.U) 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
8.30 
3.30 
3.70 
3.40 
3.30 
3.70 
3.60 

Hept. 

1 

3.50 
3.50 
3.40 
3.40 
i    3.20 

>   3.:)o 

3.30 
3.:j0 
3.30 

3.:«i 

3.30 
3.40 
4.80 
4.80 
3.80 
3.50 
8.30 
3.10 
3.10 
3.10 
8.10 
3.10 
8.10 
3.10 
3.10 
3.10 
3.10 
8.20 
8.30 
3.30 

8.30 
3.20 
3.20 
3.10 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

1 

o«t. 

1 

3.20 
8.10 
3.10 
a  10 

3.a) 

3.W) 
3.(1) 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
tM\ 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 

2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 
2.90 
3.70 
3.40 
8.30 
3.30 
3.20 
3.20 
3.10 
3.00 

1 
Nov. 

2.70 
4.00 
4.90 
4.60 
4.20 
3.90 
3.70 
3.50 
8.50 
8.40 
3.30 
3.80 
3.30 
8.21) 
8.20 
8.20 
8.20 
8.10 
3.10 
3.10 
8.10 
8.10 
3.10 
3.40 
4.00 
4.00 
3.80 
3.60 
3.50 
3.40 

8.00 
8.00 
3.00 
3.(K) 
2.90 
2.90 
8.00 
3.00 
3.00 
8.00 
2.90 
2.90 
2.90 
2.90 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.10 
8.10 
4.00 
6.80 
11.60 
8.00 
5.70 
4.80 

Dec. 

180». 
1 

8.80 

2 

8.80 

3 

8.80 

4 

3.80 

.5 

1 

3.80 

■'--• -w  -  •  - 

« 

1 

8.20 

i..    .. .. 

8.10 

8 

9 

10 

8.10 
3.10 
a  10 

11 

— 

8.10 

12 

3.70 

13 '              

4.80 

14... 

15 

5.50 
5.10 

16 

4.80 

17 

4.30 

18 

4.00 

19 

4.00 

20 1 

3.70 

21 

22 

23 

24 

25 

26 

27 

» ... 

29 

30 

31  ..   

1»N). 

1 

2 



4.10 
4.10 
4.60 
5.00 
5.00 
4.70 
5.20 
4.00 
4.20 
4.10 
4.10 
4.80 
4.60 
4.20 
8.90 
3.50 
4.10 
8.80 
4.20 
4.90 
10.60 
10.20 
7.20 
6.00 
5.20 
5.00 
.  4.80 
4.40 
4.40 
4.20 
4.10 

....... 

....... 

3. 70 

3.40 
3.40 

3.80 
4.40 
4.10 
4.30 
5.10 
5.60 
4.  HO 
4.60 
5.40 
9.40 
7.60 
5.90 
5.30 
4.90 
4.10 
4.20 
4.40 
11.70 
11.10 
8.20 
6.*) 
4.50 
4.4<J 
4.00 

6.50 
6.  it) 
5  70 
6.00 
5.50 
5.20 
5. 10 
5.10 
8. 80 

io.;«) 

8.  HO 

5.90 
12.90 
8.00 
6.00 
5.50 
5.40 
6.00 
6.40 
5.60 
5.40 
5.10 
5.10 
4.90 
4.80 
4.70 
4.60 
4. 10 
4.10 
4.10 
4.40 
6.r)0 
6.50 
6.70 
5.70 
5.60 
5.40 
6.10 
5.00 
4.80 
4.60 
4.60 

3.70 
5.00 
5.00 
6.00 
5.80 
5.60 
4.60 
4.30 
4.10 
4.10 
4.10 

4.40 
4.10 

3 

8.90 

4 

3.90 

5 

5.50 

8 

7 .-.- 

7.00 
6.30 

8 

6.20 

9 

10 

11 

4.60 
4.50 
4.30 

12 

L3 

4.20 
4.00 

14 

15 

3.80 
3.70 

16 

17 

8.70 
8.60 
3.30 

19 

ai) 

8.50 
3.70 

21 

3.80 

28  

8.80 

83   

8.60 

24-.   

2ft  

8.40 
8.80 

86- 

8.50 

27 

2H 

8.80 
8.20 

29 

8.20 

30 

8.20 

31 

8.20 
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Mean  daily  gage  height,  in  feet,  of  Juniata  River  at  Newport,  Pa,,  1899-1904 — 

Contmned. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

8.80 
7.70 
7.10 
6.10 
6.80 
6.00 
4.90 
6.80 
6.10 
4.60 
4.60 
4.60 
4.60 
4.60 
4.40 
4.40 
4.60 
6.00 
4.60 
4.40 
4.80 
4.60 
6.80 
6.60 
6.00 
4.60 
4.40 
4.80 
4.00 
4.00 

3.80 
8.80 
8.80 
8.80 
8.80 
8.80 
3.80 
8.10 
8.10 
8.10 
3.10 
8.10 
3.80 
3.80 
8.80 
4.80 
8.80 
8.90 
3.60 
8.30 
8.40 
3.10 
8.10 
8.10 
8.10 
4.00 
3.80 
8.90 
8.90 
4.70 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1901. 
1 

3.40 
3.80 
8.80 
3.10 
8.30 
8.40 
3.80 
8.60 
8.80 
8.80 
8.80 
8.60 
8.80 
8.80 
8.80 
3.80 
8.80 
8.80 
8.80 
3.80 
8.80 
8.90 
4.10 
8.70 
8.50 
8.40 
8.70 
8.70 
3.60 
8.60 
8.60 

6.40 
6.60 
6.00 
5.40 
4.80 
4.80 
4.80 
4.80 
4.10 
4.10 
4.10 
4.00 
3.90 
3.90 
8.70 
8.60 
3.80 
8.80 
7.50 
4.00 
4.00 
9.60 
8.80 
6.80 
6.00 
4.60 
6.70 
7.60 
5.60 
6.00 
4.50 

a40 
8.80 
8.80 
8.40 
8.80 
4.80 
4.80 
4.30 
4.80 
4.30 
4.00 
3.80 
8.80 
4.80 
3.80 
3.80 
3.60 
3.50 
3.50 
8.60 
8.60 
8.50 
8.60 
8.70 
8.90 
8.40 
8.40 
8.60 

4.80 
4.80 
4.60 
3.90 
4.60 
3.60 
3.60 
8.70 
6.10 
6.80 
6.80 
6.70 
6.00 
4.60 
4.80 
6.10 
6.10 
5.10 
6.10 
4.90 
4.80 
4.80 
4.90 
4.40 
4.60 
9.00 
9.90 
14.90 

8.60 
8.60 
3.00 
3.60 
4.40 
4.80 
4.70 
4.40 
4.80 
6.00 
16.90 
16.40 
10.40 
7.80 
7.20 
6.50 
6.80 
6.60 
6.10 
6.00 
6.90 
6.90 
6.60 
6.80 
6.60 
6.80 
6.60 
6.60 
6.60 
6.90 
6.40 

86.80 

19.60 

16.50 

18.00 

9.30 

7.10 

6.50 

6.00 

6.50 

6.80 

8.40 

9.50 

18.80 

14.10 

9.00 

9.00 

16.80 

18.60 

9.60 

8.00 

6.60 

6.00 

6.50 

6.60 

5.10 

6.00 

4.80 

4.60 

4.80 

6.80 

6.00 

6.10 
4.90 
4.90 
7.60 
9.00 
10.50 
11.00 
10.90 
9.50 
7.90 
7.00 
6.80 
6.80 
6.40 
6.80 
6.60 
5.60 
6.40 
6.40 
6.40 
10.60 
18.80 
11.50 
9.00 
7.60 
6.80 
6.00 
5.00 
6.80 
6.00 

6.80 
5.70 
5.40 
5.30 
6.00 
6.00 
6.80 
14.66 
18.60 
18.60 
12.50 
10.00 
8.10 
7.00 
6.60 
6.60 
5.00 
6.00 
4.90 
4.70 
4.60 
4.60 
4.40 
4.80 
4.20 
4.10 
8.80 
8.80 
4.00 
4.10 

4.80 
4.70 
4.60 
4.60 
4.60 
4.40 
4.80 
4.10 
4.00 
4.80 
4.70 
4.80 
4.80 
4.70 
4.60 
4.40 
4.10 
4.80 
4.10 
4.10 
4.10 
4.50 
18.00 
9.60 
9.00 
10.60 
8.00 
10.30 
12.60 
13.80 
11.60 

4.00 
3.80 
3.80 
8.90 
8.90 
8.90 
3.90 
3.90 
3.90 
3.90 
3.70 
3.60 
3.60 
8.80 
8.80 
3.80 
3.40 
8.40 
3.40 
8.40 
8.40 
3.40 
3.40 
3.40 
3.40 
8.40 
8.60 
a40 
8.30 
8.80 
8.80 

4.10 

4.80 

4.80 

a4.00 

a8.90 

a3.80 

a3.70 

a3,60 

a  8. 50 

a3.40 

8.80 

8.80 

3.80 

3.40 

8.40 

8.50 

4.90 

6.00 

6.80 

4.80 

4.10 

3.80 

8.70 

3.60 

3.40 

3.70 

3.60 

8.50 

8.40 

8.40 

3.40 

6.40 
6.80 
6.10 
6.40 
6.70 
6.60 
6.40 
6.00 
4.60 
4.80 
4.60 
4.00 
8.90 
8.90 
8.80 
8.60 
3.00 
3.00 
8.60 
3.50 
3.60 
3.70 
3.60 
3.50 
4.10 
8.80 
8.60 
3.50 
8.60 
4.80 
4.80 

3.60 
3.60 
3.60 
3.80 
8.10 
3.10 
4.60 
6.80 
5.00 
4.10 
4.00 
8.70 
8.60 
8.40 
8.40 
3.40 
8.40 
4.10 
4.80 
6.80 
4.10 
4.10 
4.10 
5.50 
5.50 
6.10 
4.90 
4.30 
4.80 
4.30 
4.80 

4.40 
4.00 
3.50 
4.00 
4.00 
4.00 
3.80 
8.80 
8.80 
4.00 
4.00 
8.90 
8.80 
8.60 
3.80 
3.40 
3.40 
3.30 
3.30 
8.80 
8.10 
8.80 
3.10 
3.30 
8.80 
3.20 
8.90 
4.80 
4.70 
3.30 
2.90 

6.40 
6.40 
5.20 
6.00 
4.00 
4.80 
4.00 
3.90 
3.70 
8.00 
8.70 
4.10 
4.00 
3.80 
3.80 
8.80 
3.70 
8.80 
8.90 
8.70 
8.60 
8.60 
8.40 
&80 
8.30 
3.80 
8.80 
3.80 
8.60 
8.60 

8.00 
3.00 
8.90 
8.90 
8.90 
8.90 
8.90 
2.90 
8.90 
8.10 
3.10 
3.00 
8.00 
8.00 
2.90 
8.90 
8.90 
8.90 
8.80 
2.90 
2.90 
8.80 
8.80 
8.80 
8.00 
8.80 
4.80 
8.00 
3.60 
3.50 

8.00 
8.40 
3.60 
8.60 
8.60 
8.40 
8.80 
3.80 
3.80 
8.10 
8.10 
8.20 
3.30 
8.40 
3.40 
3.80 
8.80 
3.80 
8.80 
8.80 
3.10 
8.10 
8.10 
8.10 
8.00 
8.00 
8.00 
3.00 
8.00 
8.00 
8.00 

4.90 
4.90 
8.60 
3.60 
8.60 
4.00 
4.00 
3.80 
3.50 
8.40 
3.40 
4.00 
6.40 
6.00 
4.70 
4.40 
4.00 
3.80 
8.80 
3.60 
3.40 
8.30 
3.40 
8.80 
8.80 
8.80 
8.80 
3.80 
6.70 
5.00 
4.40 

3.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
3.00 
8.00 
8.00 
8.00 
3.00 
3.00 
8.00 
8.00 
3.00 
3.00 
8.00 
8.80 
4.90 
4.80 
4.00 
4.00 
3.90 
8.70 

4.00 
3.80 
3.70 
3.00 
3.60 
3.60 
3.40 
8.80 
8.40 
8.40 
3.40 
3.30 
8.39 
3.80 
3.30 
3.20 
8.20 
8.80 
8.80 
8.80 
3.20 
8.80 
3.80 
3.80 
3.80 
8.80 
8.60 
8.70 

aso 
aso 

3.00 

8 

a50 

3 

4.20 

4 

4.20 

6 

4.20 

6 

4. 2D 

7 

4.80 

8 

3.70 

9 

4.20 

10 

5.00 

11 

7.00 

18 

6.20 

18 

6.10 

14 

6.20 

16 

18.00 

16 

18.00 

17 

10.80 

18 

13.65 

19 

6.80 

80 

5.30 

21 

18w05 

28 

4.10 

83 

4.40 

84 

4.40 

26 

4.00 

26 

4.80 

87 : 

4.50 

88 

4.60 

80 

5.20 

80 

6.40 

81 

7.70 

1908. 
1 

3.00 

2 

8.60 

3 

4.30 

4 

5.30 

6 

5.60 

6 

4.90 

7 

4.60 

8 

4.60 

9 

4.20 

10 

4.40 

11 

4.20 

18 

5.30 

13 

7.70 

14 

4.80 

16 

6.40 

16 

5.80 

17 

7.70 

18 

7.00 

19 

6.40 

80 

5.70 

81 

6.20 

28 

9.50 

83 

10.80 

84 

8.60 

86 

7.40 

26 

6.30 

87 

6.80 

28 

5.;» 

29 

4.80 

80 

4.70 

81 

4.70 

a  Estimated. 
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Mean  daily  gage  height,  hi  feet,  of  Juniata  River  at  Newport,  Pa.,  JS99-1904 — 

Continued. 


Day. 


190B. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16.- 

17 

18 

19 

SO 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30. 

31 

1904. 

1 

2 

3 

4- 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

28 

27 

28 

29 

30 

31 


Jan. 


4.60 
5.80 
5.80 
7.90 
7.50 
6.60 
6.00 
5.00 
5.50 
4.70 
4.30 
4.00 
8.80 
4.40 
4.50 
4.80 
4.40 
4.30 
4.40 
4.80 
4.90 
4.90 
4.80 
4.80 
4.80 
4.60 
4.40 
4.40 
5.80 
8.00 
10.20 


4.20 
4.20 
4.50 


Feb. 


4. 

4. 
4. 
4. 
4. 
4. 
4. 


60 
60 
60 
60 
50 
50 
50 


4.40 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
5.40 
Ml.  00 
7.00 
5.50 
4.50 
4.10 
8.80 
8.70 
8.80 


20 
10 
10 
10 
10 
.00 

,aj 

,00 
.00 
.00 
.00 


8.20 
6.90 
6.70 
10. 10 
14.50 
11.50 
8.50 
7.10 
6.50 
5.80 
5.80 
6.10 
6.60 
6.80 
5.90 
5.80 
10.20 
7.90 
6.70 
6.00 
5.40 
5.40 
5.40 
5.00 
5.80 
5.10 
5.00 
8.90 


4.00 
5.00 
5.00 
5.00 
8.0O 
8.50 
11.50 
"8.60 
6.50 


5. 
4. 


DO 
60 
4.20 
4.00 
8.90 


4. 
4. 
4. 
5. 
4. 
4. 


10 
20 
40 
00 
60 
70 


4.70 


5. 
5. 
5. 

7. 
7. 
5. 
4. 
4. 


00 
00 
40 
20 
40 
90 
80 
50 


Mar.  i  Apr. 


15.50 
12.10 
9.00 
7.50 
6.70 
6.30 
6.00 
5.80 
6.40 
6.90 
6.60 
6.80 
5.90 
5.50 
5.80 
5.00 
4.90 
4.90 
4.70 
4.50 
4.50 
4.70 
5.80 
12.70 
12.20 
8.50 
7.10 
6.30 
5.60 
5.50 
6.20 


7.50 

12.00 

7.20 

13.50 

8.90 

6.00 

5.50 

14.00 

10.00 


7. 
6. 


20 
00 
6.00 
5.20 
5.20 
5.00 
4.80 
4.50 
4.50 
4.80 
4.50 
5.80 
5.60 
5.80 
8.00 
7.50 
6.90 
6.20 
6.20 
5.60 
5.20 
5.00 


7.00 
6.30 
5.60 
5.20 
5.20 
5.10 
4.80 
5.80 
5.60 
5.80 
5.60 
5.40 
5.50 
6.60 
18.10 
15.60 
14.00 
9.40 
8.00 
7.10 
6.50 
5.80 
5.40 
5.20 
4.90 
4.80 
4.80 
4.80 
4.10 
4.10 


6.70 

1&40 

9.40 

7.70 


6. 
5. 

5. 
5. 
5. 


70 
70 
70 
30 
30 


6.30 
6.30 
6.00 
5.70 
5  30 
5.00 
4.80 
4.80 
4.70 
4.40 
4.40 
4.30 
4.20 
4.20 
4.00 
4.00 
4.00 
4.20 
4.60 
6.50 
7.50 


May. 


3.80 
8.80 
4.10 
4.10 
4.00 
4.00 
4.00 
3.80 
3.80 
3.88 
8.70 
3.60 
8.00 
8.60 
8. 50 
8.50 
3.50 
3.50 
3.60 
8.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
3.50 
3.50 
8.50 
3.50 
3.50 


6.70 
6.10 
5.70 
5.30 
5.00 
4.80 
4.70 
4.60 
4.50 
4.40 
4.30 
4.20 
4.20 
4.20 
4.20 

4.  a) 

4.20 
4.30 
4.50 
6.70 
5.90 
5.50 
4.90 
4.60 
4.50 
4.60 
4.70 
4.50 
4.40 
4.20 
4.60 


June. 

July. 

8.50 

9.50 

8.40 

6.10 

8.40 

5.20 

8.40 

4.80 

3.80 

4.50 

3.30 

5.00 

3.30 

9.50 

4.(X) 

6.80 

4.20 

5.40 

4.20 

4.90 

4.80 

4.50 

4.30 

4.40 

5.  a) 

4.50 

4.70 

4.40 

4.80 

4.40 

4.70 

4.20 

4.60 

4.00 

4.30 

6.00 

4.10 

7.50 

4.10 

6.00 

4.10 

5.20 

4.30 

4.70 

4.30 

4.40 

4.80 

4.30 

6.00 

4.10 

5.60 

8.90 

5.00 

3.80 

4.50 

3.80 

4.60 

3.70 

4.90 

8.50 

3.50 

4.90 

3.70 

5.60 

3.70 

6.00 

3.70 

5.40 

3.70 

5.90 

3.70 

5.90 

8.70 

5.40 

4.40 

4.70 

5.10 

4.60 

5.80 

4.50 

7.20 

5.10 

8.70 

4.60 

7.10 

4.40 

5.50 

4.20 

6.:« 

4.00 

4.70 

4.00 

4.70 

4.40 

4.10 

8.90 

3.90 

3.90 

3.80 

3.90 

3.90 

3.70 

3.70 

5. 10 

3.60 

5.50 

3.50 

5.30 

3.80 

4.40 

3.80 

4.  (JO 

3.70 

3.50 

3.70 

3.80 

3.50 

3.70 

3.40 

a  70 

3.30 

8.30 

Aug. 

Rept. 

Oct. 

Nov. 

Dec. 

3.50 

6.10 

3.40 

3.50 

3.30 

8.60 

5.60 

8.40 

8.50 

8.80 

8.40 

5.10 

3.30 

8.30 

8.20 

8.40 

4.50 

3.a) 

8.30 

3.20 

8.50 

4.80 

3.30 

8.:« 

3.20 

8.50 

4.20 

3.40 

8.30 

3.20 

3.80 

4.10 

3.40 

3.30 

3.20 

4.00 

4.00 

3.90 

3.30 

8.20 

3.80 

4.80 

3.80 

8.30 

3.80 

8.70 

5.00 

5.40 

3.80 

3.35 

8.50 

4.70 

4.80 

3.30 

3.30 

3.50 

4.90 

4.60 

3.30 

8.10 

8.40 

4.60 

4.20 

8.80 

8.10 

3.30 

4.20 

4.10 

8.30 

8.20 

8.30 

4.00 

3.90 

8.80 

8.80 

4.20 

3.90 

8.90 

3.30 

3.20 

8.90 

3.90 

8.80 

840 

3.20 

3.50 

4.:«) 

4.20 

8.50 

3.60 

8.50 

4.60 

4.40 

3.50 

3.70 

8.40 

4. 10 

4.20 

3.60 

3.70 

8.40 

4.  a) 

4.00 

8.70 

3.90 

3.50 

3.90 

3.90 

8.60 

A.  90 

3.50 

3.80 

3.80 

8.50 

3.90 

8.:« 

3.70 

3.70 

3.50 

3.90 

3.40 

8.60 

n3.60 

8.50 

8.90 

3.40 

3.50 

«3.«0 

3.40 

3.90 

8.50 

3.50 

3.50 

8.40 

3.90 

3.50 

3.50 

3.50 

3.40 

3.90 

3.70 

3.40 

3.50 

3.30 

8.90 

8.00 

3.40 

3.50 

3.30 

8.90 

6.70 

3.50 

4.20 

3.30 

3.00 

2.90 

2.90 

2.50 

8.30 

3.00 

2.90 

2.90 

2.80 

8.70 

8.00 

2.90 

2.90 

2.90 

3.60 

3.00 

2.90 

2.90 

8.20 

3.60 

3.00 

2.90 

2.90 

2.90 

8.50 

3.00 

2.90 

2.80 

8.10 

3.90 

2.90 

2.9t) 

2.80 

8.20 

8.50 

2.90 

2.90 

2.80 

8.20 

8.30 

3.00 

2.90 

2.80 

8.20 

8.30 

3.00 

2.90 

2.80 

8.10 

3.20 

3.00 

2.90 

2.90 

8.10 

8.20 

8.00 

2.90 

2.90 

8.10 

8.10 

8.00 

2.90 

2.90 

3.10 

8.10 

2.90 

2.90 

2.90 

8.10 

8.10 

2.90 

2.90 

2.90 

3.10 

8.10 

300 

2.90 

2.90 

8.10 

8.00 

8.00 

2.90 

2.90 

8.10 

8.20 

3.00 

2.90 

2.90 

3.10 

3.10 

3.00 

2.90 

2.90 

3.10 

3.20 

2.90 

2.90 

2.80 

3.10 

3.20 

2.90 

3.30 

2.80 

8.10 

8.20 

2.90 

3.30 

2.80 

8.10 

3.20 

2.90 

3.20 

2.80 

8.10 

3.20 

2.90 

3.10 

2.70 

8.20 

3.10 

2.90 

8.10 

2.70 

3.20 

3.10 

2.90 

3.00 

2.70 

3.20 

3.00 

2.90 

2.90 

2.70 

3.50 

3.00 

2.«) 

2.90 

2.60 

8.70 

3.10 

2.90 

2.90 

2.60 

3  80 

3.10 

2.90 

2.90 

2.60 

8.80 

3.U) 

2.90 

3.80 

o  Interpolated. 


b  Ice  moved  oat. 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  109. 


Rating  table  for  Juniata  River  at  Newport,  Pa,  ^  from  1899  to  1904, 


1 

Gage 
height. 

Discharge. 

Gage 

height. 

Feet. 

1 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

F^t. 

Second-feet. 

2.5 

230     , 

4.7 

5,180 

.  6.9 

14, 570 

10.2 

38,500 

2.6 

320 

4.8 

5,510 

7.0 

15, 170 

10.4 

40,300 

2.7 

430 

4.9 

5,850 

7.1 

15, 770 

10.6 

42,200 

2.8 

570 

5.0 

6, 200 

7.2 

16,370 

10.8 

44,100 

2.9 

750 

5.1 

6, 550 

7.3 

16, 970 

11.0 

46,000 

3.0 

950 

5.2 

6,910 

7.4 

17,570 

11.2 

48,000 

3.1 

1,160 

,      5.3 

7,270 

7.5 

18,170 

11.4 

50,100 

3.2 

1,370 

.      5. 4 

7,640 

7.6 

18,770     1 

11.6 

52,200     ' 

3.3 

1,580 

8,010 

7.7 

19, 380 

■     11.8 

54,300 

3.4 

1,790 

5.6 

8,390 

7.8 

20,000 

12.0 

56,400 

3.5 

2,000 

5.7 

8,770 

7.9 

20, 640 

12.2 

58,600 

3.6 

2,210 

5.8 

9,150 

8.0 

21 , 300 

12.4 

60,800 

3.7 

2,430 

5.9 

9, 540 

8.2 

22,700 

12.6 

63, 100 

3.8 

2, 650 

6.0 

9, 930     ' 

8.4 

24,100 

12.8 

65, 400 

3.9 

2,880 

6.1 

10.330 

8.6 

25, 500 

13.0 

67, 700 

4.0 

3,120 

6.2 

10, 740 

8.8 

27,000 

13.2 

70, 100 

4.1 

3,380 

6.3 

11,200 

9.0 

:     2«,  500 

13.4 

72,600 

4.2 

3,650  ; 

6.4 

11,720     1 

9.2 

!     30,100 

13.6 

75, 100 

4.3 

3,930    * 

6.5 

12, 270 

9.4 

[    31,700 

13.8 

,    77,600 

4.4 

4,220 

6.6 

12,830 

9.6 

1    33,400 

1 

4.5 

4,530 

6.7 

13.400 

9.8 

35,100 

4.6 

4,850 

6.8 

13, 980 

1 

10.0 

36. 800 

i 

1 

15,000 
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Mean  daily  ditehargr,  in  »ert>nd-/eft,o/Jiniitita  Rhvrnl  Kitrjiirt,  I'll.,  lA'Kt^jntli. 


Itm. 


a.  WO 
a.  ia> 

3.430 


HYDRIIOHAPHY   OF   SUSQUEHANNA    BASIN. 


Mean  daily  dixcliargc,  > 


A... 

S«pt. 

Oct.     Nov. 

- 

z.ni 

e.eiul      WW 

4is3l 

».iai 

«i 

3!iau 

^KMU 

2,t.1l 

oisa 

x.m 

8W 

3650 

3.1WI 

a,  210' 

SCO 

ii.a»i 

3.ta 

S.43II 

9» 

«.3()0 

m::io 

X.VUI 

3,19) 

BH( 

B,5au 

I.TW 

«;«ni 

tfiO|wo,ioo 

r.TB 

2.flS<^ 

l«).10O 

1,790 

a,  wo' 

aa 

44.111) 

3,  SMI 

S.AiiU' 

(n 

Tb.mt 

i.HHJ' 

SGU 

11, 9U 

r'.gn 

at* 

(KV 

^'^ 

JS3 

aw 

stIooo 

im 

3.:«i 

KU 

4.sn 

»l 

l-S" 

*.sa) 

..J  as.aw 

SiU     44,10u 

370  ».ajfi 
.an)  17,570 
.wn  II. au 

a!  ^10 
l.wa    s.  it» 
5,iw 


HOYT   AND 
ANDEBSU 


?.] 
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A/etiH  ditilif  discharge^  in  sevond-feei,  of  Junintn   Rivvr  at  AVir/><)rf,  Ai.,  tSU!)- 

iiMK^ — (V)ntiiiue<l. 


D«y 


Jan.     Feb.     Mar.    Apr.    May.    Juno.  July. 


AUtf.      S4)pt. 


1 

i 

3. 
4 


4,K5I> 

T.:f7t» 

7,27(> 

ai.fM<l 

5 1K,17(J 

« 12,Hai 

7 9.««» 

h «,jja) 

» 8.010 

10 5.1«> 

11 :<,««» 

li   ... I  :i,ia) 

13 1  2,6nO 


14 
15 
]< 
17 


4,a9l» 

4,5:«i 

4,&iO 


18  :i»Jo 

19 


4,29) 

ai 3.iK«) 

21 ...  5,850 

28 5.850 

Zi  5.510 

f^    5.510 

25       5,.5lO 

» 4.850 

27  4,aso 

28 4,220 

29 7,270 

ai 21.:*lll' 

31 38..tJ)0' 


22,  TW  inn,  MX) 

14,570;  57.5<» 

18,400  28. 5U) 

»7,«00  18,170 

86.700  i:).4<I> 

51.100  I1,2IM) 

24.800  9,««) 

15.no  9,150 

12.270  11,720 

9.150  14.570 

7.270'  12.8:«) 

10.880  11,200 

12,  Kf)  9,540 

11,2IX)  H.OlO 

9,540  7,270 

13.9H0  B,2II> 

'»,Ht)  5.8SO 

20,  MO  5.h:iO 

18,400  5,180 

9,«C«I  4,5.'iO 

7.<M4I  4,5:«) 

7,640^  5,180 

7,  ((40  9.1.')0 

6,  SIN)  64.200 

7,27f»>58.«IO 

6.550  24.800 

6,21)0  15,770 

27,7UH  11,21)0 

8,:W) 

.:...  8.1)10 

10,740 


15.170 
11.2()0 
8.:i90 
6,910 
6,910 
6,5r)0 
5,510 
7,270 
8,:«0 
9. 150 

8,:«io 

7,640 

8,010 

12,8:«) 

68,900 

102,  IIH) 

80,100 

8l,7()0 

21,  HIM) 

15,770 

12,270 

9.  l.'iO 

7,640 

6.910 

5,N'iO 

5.5H) 

6,510 
8.  ft!) 

3.:m) 


1. 

2. 
3- 
4. 

5. 

8. 

« .. 

8. 

9. 

10 

11 

12. 

18 

14 

15. 

16. 

17 

18.. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

». 

27. 

2H 

29. 

30- 

31- 


1904. 


3,650 
3,650 
4,53r) 

4,850 
4,850 

4,a"iO 

4,850 
4,5:X) 

4,5:^f) 

4,531) 
4,220 
8,650 
3.3H0 
3,%4) 
8. 880 
3,380 
8,120 
3.120 
3.12r) 
3,120 
8.120 
8,120 
7,640 

46,ono 

15,170 
8,010 
4,5(X) 
8,3M1 
2,660 
2,430 
2.650 


3,120 

6,200 

6,2(V) 

6,2[)0 

21.800 

24,800 

51.100 

24.800 

12,270 

6,200 

4,R.tO 

8,650 

8,120 

2,880 

8,380 

8,650 

4.220 

6.200 

4,850 

.5.180 

5,180 

6,200 

6,200 

7.640 

i6,;ro 

17,570 
9,540 
.5,510 
4,5:«) 


18, 170 

56,400 

16,:fi'0 

73,850 

27,700 

9.980 

8,010 

80, 100 

.S6.800! 

16.:S70 

9,900 

9.  mo 

6.910 

6,910 

6,200 

5,510 

4.58t) 

4,5:«) 

5,510 

4,5:« 

9.150 

8,010 

9,150 

21.3rK) 

18,170 

14.570 

10.740 

10,740 

8. 890 

6,910 

6,200 


18,400; 

72,600 

81,700 

19,881) 

18,400 

8,770 

8,770 

7,270 

7,270 

11,200 

11,200 

9,W«) 

8,770 

7.270 

6,200 

5,510 

5,510 

.5. 180 

4,220 

4.i») 

3,9:*) 

8,6.tO 

3,&V) 

3.121) 

3,120 

3. 120 

8,«5() 

4.^50, 

12,»>7() 

18. 170 


2.650 
2,6riO 

8,:«) 

3,:«), 

8.120 

3.120 

3.120 

2,650 

2,6501 

2,ftS0 

2.4:^0 

2.210 

2,210 

2.210 

2,01)0 

2,  (MM) 

2.001)1 

2,001 

2,001) 

2.000 

2,U«) 

2.(1)0 

2,000 

2.000 

2,()C«) 

1,790 

2.0«)0 

2.  Oil) 

2.000 

2,000 

2,000 


13,400 
10,  :5^) 
8,770 
7,270 
6,200 
5,510 
5, 180 
4,8.10 
4,5:19 
4,220 
8.9C«) 
8,650 
3,650 
8.6:)0 
8,650 
8,H.~iO 
8,6.-10' 
3,«« 
4,.5:«) 
13,400 
9,  .540 
8,010 
.5,8.501 
4,850' 
4,  .580 
4,850 
5, 180 
4.530 
4,220 
3,650 
4,850. 


2,0iM 
1,791 
1.79( 
l.79» 
1,58) 
l,.58l 
1,5?<I 
:il2( 
3,<V»( 

:{,6rii 
8,9:« 
:^9c« 

6,20( 
5,181 
5,51( 
5, 18( 
4,85< 
3,9C« 

8,:*« 
8,:« 
8,:« 
:i,9t« 
8,9:« 
.5.:»i« 

9,«« 
8.:fi)i 
6.2IM 
4.5'« 

4,K->') 
5,KiO 


5,H.tO 

8,:m) 
9,ai) 
7,  wo 

9,540 
9.  .540 
7,ti44) 
5,  IW) 
4.850 
4,5:*) 
6.5.50 
4,851) 
4,220 

:i,rt50 
:{,i2o 

3, 120 
4.2r)0 

2,880 
2,880 
2,SS0 
2,4:*) 
8,770 
8,010 
7,270 
4,230 
3, 120 
2,000 
2,650 
2,480 
2,480 


:tt,.'ioo 
lo.:«) 

6.910 
5.510 

4.5:*) 

6,200 
:12.5«I0 
18.980 

7.610 

4.:»:)o 
4.220 
4,5:a) 
4,220 
4,220 
3,ft')0 
3,  VA) 
6,200 
18,170 
9.9:10 
6,910 
.5, 180 
4.220 

:{,»«) 
8,  :m) 

2.880 
2,»i.'iO 
2,650 
2.4:*) 
2,<M) 
2,0(M) 


2,48(V 
2,4:)0 
2.4:«) 
2,4:«) 
2,4:«) 
2.4:«) 

4,220 
6,.ViO 
9,150 

i6,:ro 

26,200 
15.770 
8,010 
7.270 
.5, 180 
.5.1  HO 

:i:«) 

2.880 
2,  ri.50 
2,880 
2,4:«) 
2,210 
2,000 
2,650 
2,650 
2,4:*) 

2,4:«) 
2,oor) 

1,790 

1,.580 
1,580, 


2,000 
2.00( 
1,791 
1,7W 

2.001 
2.«lli 
2.  y-Ci 
MA'A 

2.  4:« 
2,ia 

2.1HI 
1.7« 

\,m 

1,581 

:j,»w 

2,8M 
2,111 
2,  DIM 
1,791 
1.791 
2,001 
2,111 
1.5H( 
1,7W 
1,791 
2,001 
2,001 
2,4i* 
21,:«)1 

i:3,4<J( 


1,58( 

1,.58( 

2.4:« 

2.21( 

2,210 

2,001 

2,881 

2.000 

1,5H0 

1,581 

i,:fro 

i,:t7( 

l,l(il 

1,161 

i,m 
i,it« 

05( 

i,:fri 
i,i» 
i,:Tri 

1,371 

i,jrr( 

1.371 

i,:^( 

1,161 
1,161 

9.50 

1,1« 
1,lfi( 

95( 


()<-t.     Nov.     Dei- 


io,:c4iil 

8,:m» 

6, 55<  ■ 

4.:v*' 

8.  to:  ' 

:i:^«i 
:).ic)i» 

6.211' 
.5,  In. 

5..S'il| 
4,8.'iO 
3.1>50 
8,130 
2.880 
2,880 
3.9:10 
4,850 

3,:i8i) 
:<,120 

2.8K) 

2.(ijO 

2.4:«) 

2,210 
2.000 
2,11110 
2,(100 
1.7W) 
1,790 


050 
950; 
950 
950 
950 
950 
750 
7.50 
950 
ftV) 
9riO 

m) 

ft"»o 
750 
750 

fViol 

950^ 
950, 

95O1 
7.501 
750 
7,50 
750 
750 
750 
7.50' 
750 
750 
750 
750 


1,790 
1,790 
1,580 
1,580 
1,580 
I,?.*) 
1,790 
2,880 
5.510 
7,640 
5,510 
4,.5:«) 
3,650i 

:h,:m), 

2,880' 
2.880 
2,a50 
3,650 
4,220i 
3,650 
3, 120. 
2,880 
2,650 
2,4:10 
2,210 
2,210 
2,000 
2,000 
2,0(1) 
2,000 

2,a)o 


750 
750 
750 
750 
7.50 
750 
7.50 
750 
750' 
7.50 
750 
750 
760 
750 
750 
750 
7.50 
750 
750 
750 
1,580 
1,.5H0 

l,:i70 

1.11)0 

1,1«) 

ft50 
750 
750 
75f) 
750 
750 


I 


000 
Oil) 
.580 
.580 
.580 
5H0 
.580 
580 
.580 
.580 
.580 
.580 
.5H0 

5H0 
.580 
.580 
790 
000 
000 
210 
4:10 
210 
11)0 
000 
000 
790 
790 
790 
.580' 
580 


750 
750 

750 
750 
750 
670 
570 
570 
570: 
570 
750 
750 
750' 
750' 
750 
750 
750 
750 
750! 
570 
570 
.570 
570 
480| 
4:101 
480 
4:«) 
320 
320 
2:10 


1.580 
1.580 
1,370 
1,:170 

i.3ro 
i.;i7o 

1,370 
1,370 
1,580 
1,680 

1,  itrki 

1,160 
1,160 

i.:co 

1.580 
l,:i70 
l.:J70 

2,  OIK) 
2.480 
2.4:10 
2.8H0 
2.880 
2.880 
2.880 
2.>*80 
2,880 
2,880 
2.880 
2.880 
2,880 
3,660 


230 
570 
750 

l,:i70 
750 

1.160 

i.:i70 
i.:i7o 
i,:co 

1.160 
I.IHO 
1.160 
1.160 
1.160 
1,160 
1,160 
1.160 
1.160 
1,160 
1,160 
1.160 
1,160 
1.160 

i,:r7o 
l.:i70 
i.:^() 
2.000 
2.4:10 

2.»i50 
2.650 
2,»i.50 


102 


HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  109. 


Estimated  monthly  discharge  of  Juniata  River  at  Newport^  Pa,,  1899-190J^ 

[Drainage  area,  3,476  square  miles.] 


Month. 


1899. 
March  (21-31).... 

April 

May - - . 

June  - 

July 

August  -  - .  - . 

Septeml)er 

October 

November 

December 


The  period 


1900. 


January . 
February 

March 

April     . .  - 

May 

June 

July. 

August  .  - . 
Septem}>er 
October  ... 
November, 
December . 


The  year 


Discharge  in  second-feet. 

Run 

Seoond- 

feetper 

square 

mile. 

■off. 

'  Maximum. 

Minimum. 
6, 550 

Mean. 

I 

Deptli  in 
inches. 

39, 400 

14,429 

4. 151 

1.698 

20,000 

1,790 

6,042 

1.738 

1.939 

21,300 

1,160 

4,301 

1.237 

1.426 

2,210 

230 

760 

.219 

.244 

1,580 

230 

904 

.260 

.300 

6,200 

■  750 

1,525 

.489 

.506 

5,510 

1,160 

1,787 

.514 

.573 

1,370 

430 

774 

.223 

.257 

5, 850 

430 

2,095 

.603 

.673 

9,150 

1,160 

3,628 

1.044 
1.043 

1.204 

39, 400 

230 

3,624 

8.820 

42. 200 

2,000 

7,263 

2.089 

2. 408 

53, 200 

1,790 

10,188 

2.931 

3. 052 

66,500 

3,380 

9,523 

2.740 

3. 159 

5,180 

3,120 

4,264 

1.227 

1.369 

3,380 

1,370 

2,226 

.640 

.738 

2,430 

1,370 

1,692 

.487 

.543 

1,580 

750 

1,074 

.309 

.356 

2,430 

570 

971 

.279 

.322 

1,580 

570 

695 

.200 

.223 

2,430 

570 

1,016 

.292 

.337 

52, 200 

750 

4,137 

1.190 

1 .  328 

15, 170 
66, 500 

1,370 

3,596 

1.035 
1.118 

1.193 

570 

3,887 

15.028 

HOYT   AND  1 
ANDEBSON.  J 
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Entimated  nuwth  tf  diitcharye  of  Juniata  Rfver  at  AVir|x>r^  Ai.,  lSU9-lffOj—i\m, 


Disi*barge  in  MHvmd-feet. 


Ran-c>(T. 


Month. 


1901. 


Jannary  . . 
Febmarv 
March  .    .. 
April     - .    . 
May.-     . 

June 

Jaly 

AnKOst  .  - . 
September 
October  . . . 
November . 
December . 


The  year 


1902. 

January  

February 

March 

April  .- 148,800 

May - 

Jane 

Jnly 

Angnst 

Septemb2r 

October 

NoTember 

December 


The  year 


Mazimnm. 

Minlmnm. 

Mean. 

S«H'<md- 

ftH*t  per 

Miaare 

mile. 

Dt*pth  in 
inrhefi. 

3,380 

1.160 

2,161 

0.622 

0.717 

8,930 

1,580 

2,571 

.740 

.771 

,     106,500 

2.000 

15,260 

4.390 

5.061 

77,600 

5, 850 

20,104 

5. 784 

6. 453 

71,300 

8,120 

16,683 

4.799 

5. 533 

27,000 

3, 120 

6,869 

1.976 

2. 205 

6,910 

1,580 

2,794 

.804 

.927 

10, 740 

1,160 

8,808 

1.096 

1.264 

7,640 

1,370 

3,069 

.883 

.985 

2,210 

950 

1,411 

.406 

.468 

5,850 

950 

1,580 

.  455 

.508 

140,100 

2,000 

19, 940 

5. 737 

6.614 

140,100 

950 

8,021 

2. 308 

31.506 

82,500 

2,000 

7,259 

2.0H8 

2.407 

92,100 

2,210 

10,316 

2. 968 

3.091 

292, 500 

3,650 

41,044 

11.808 

13.614 

148, 800 

2,650 

21,813 

6. 275 

7.001 

3,120 

1,370 

2, 135 

.614 

.708 

5,180 

1,160 

1.870 

.538 

.600 

13,400 

2,000 

4,  .586 

1.319 

1.521 

5,180 

750 

2,331 

.671 

.774 

8,650 

570 

1,043 

.300 

.335 

11,720 

1,870 

3,586 

1.032 

1.190 

8,120 

1,370 

1,823 

.524 

.  585 

44,100 

2,210 
570 

10,711 
9,043 

8.081 

2.602 



3.552 

202, 500 

35. 378 

IBB  109—05 8 
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Estimated  monthhi  discharge  of  Juniata  Rir<*r  at  Newport,  Pa.,  J899-1904 — Cont'd. 


Discharge  in  sei'ond-feet. 


Rnn-off. 


Month. 


Maximum.    Minimum. 


1903.  I 

Jannary._ 38,500 

February    86,700 

March 100. 600 

April 102,100 

May 3, 380 

Jnne 9,930 

Jnly 32,500 

Angnst 21,300 

September 10,330 

October .-.  7,640 

November 2, 430 

December 3. 650 


Theyear :     102,100 


1904. 


January  «  . 
February  . 

March 

April 

May 

June 

July 

August  --- 
September 
October . . . 
November 
December  . 


46, 
51, 
80, 
72, 
13, 

9, 
26, 

2, 

1, 
2, 


000 
100 
100 
600 
400 
930 
200 
880 
950 
580 
750 
650 


The  year 


80, 100 


Mean. 


2, 650 
6,200 
4, 530 
3,380 
1,790 
1,580 
2,000 
1,580 
1,790 
1 ,  580 
1 ,  580 
1,160 

1,160 


2, 430 

2,880 

4. 530 

3, 120 

3, 650 

2, 000 

1,580 

950 

750 

750 

230 

230 

230 


7,988 

18, 304 

18,444 

16,857 

2,330 

4,150 

7,322 

8,090 

8,915 

2,917 

1,776 

2, 050 


7,429 

5, 722 

9, 756 

17, 150 

10,710 

5, 742 

5,160 

4,968 

1,460 

850 

856 

607 

1,844 


Second- 
feet  per     Depth  in 
sqnare        inches, 
mile. 


2.298 

5.266 

5.306 

4. 850 

.670 

1.194 

2.106 

.889 

1.126 

.889 

.511 

.590 


2.13" 


5, 360 


1.65 
2.81 
4.93 
3.08 
1.65 
1.48 
1.43 
.420 
.245 
.246 
.175 
.386 


1.54 


2.649 
5.484 
6.117 
5.411 


1.332 

2. 428 

1.025 

1.256 

.967 

.570 

.680 

28. 691 


1.90 
3.03 
5.68 
3.44 
1.90 
1.65 
1.65 
.484 
.273 
.284 
.195 
.445 


20.93 


a  Frozen  January  1  to  ^.    Rating  table  assumed  to  apply  correctly. 
SUSQUEHANNA  RIVER  AT  HARRISBURG,  PA. 

In  1890  regular  daily  observations  of  flnctuationa  of  the  water 
surface  of  the  Susquehanna  River  at  Harrisburg  were  started  by 
E.  Mather,  pi^esident  of  the  Harrisburg  water  board.     These  observa- 


IIi>TfT   AX 
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tions  have  been  continued  since  that  time  and  have  been  furnished 
through  the  courtesy  of  Mr.  Mather. 

The  gage,  the  zero  of  which  is  the  low- water  mark  of  1803,  is  located 
at  the  pump  hou^  of  the  waterworks  in  the  pump  well,  which  is 
connected  with  the  river  by  two  large  mains.  The  original  readings 
are  taken  in  feet  and  inches,  and  for  convenience  in  computations 
have  been  reduced  to  feet  and  tenths. 

The  first  discharge  measurement  was  made  at  this  station  in  March, 
1807,  by  Mr.  E.  G.  Paul,  who  has  carried  on  systematic  measure- 
ments there  since  that  date.  The  measuring  section  is  at  the  lower 
side  of  the  Walnut  street  toll  bridge.  The  initial  point  for  soundings 
is  the  upright  at  the  end  of  the  hand  rail  on  the  downstream  side  on 
the  left  bank. 

At  this  point  the  river  is  divided  into  two  channels  by  Fosters 
Island,. which  at  the  measuring  section  is  about  1,200  feet  wide.  Its 
banks  are  low  and  sloping  and  during  extreme  floods  the  island  is 
submerged. 

At  ordinary  stages  the  left  channel  is  1,350  feet  wide  and  is  broken 
by  six  bridge  piers.  The  right  channel  is  1,300  feet  wide  and  is 
broken  by  seven  piers.  The  main  banks  of  the  river  are  high.  The 
bed  is  composed  of  a  hard  material  and  is  permanent,  except  in  the 
spans  adjacent  to  the  island.  The  velocity  never  becomes  too  slug- 
gish to  measure. 

Daring  the  spring  and  summer  of  1903  a  new  bridge  was  built 
across  Susquehanna  River  at  Market  street,  which  is  about  1,200  feet 
below  the  gaging  section.  The  piers  of  this  new  bridge  obstruct 
the  channel  of  the  river  by  between  10  and  15  per  cent  of  the  total 
cross  section.  The  result  of  this  obstruction,  as  shown  by  the  dis- 
charge measurements  taken  since  the  erection  of  the  piers,  has  been 
to  back  up  the  water,  thus  increasing  the  gage  height  at  the  Walnut 
street  station.  On  account  of  this  backwater  the  measurements 
taken  during  1903  show  that,  in  order  to  use  the  standard  rating  table 
after  June  1,  1903,  and  until  January  1,  1904,  a  deduction  of  14  per 
cent  is  necessary  in  the  daily  discharges.  The  following  table  gives 
the  data  from  which  this  deduction  was  made: 


Date. 


Gage 
height. 


I 

.  Standard 
Observed    •      rating 
discharge,  i   table  du- 
eharge. 


DiiTerence. 


Differ- 
ence. 


May8 

Jane  2 

October  5  . . 
November  2 


Feet. 

Second-feet. 

Second-feet. 

Second-feet. 

2.30  '      16,280 

15,980 

300 

1.50 

8,890 

9,520 

1,130 

1.65          9,116 

10,560 

1,440 

3. 08         20, 245 

1 

24,350 

4,100 

Per  cent. 

-  2 

12 

13 

16 
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About  January  1,  1904,  the  old  piers  which  were  standing  at  the 
site  of  the  new  bridge  at  Market  street  were  removed,  so  that  the 
river  channel  was  left  in  such  a  condition  that  the  stage  of  the  river 
at  Walnut  street  bridge  returned  to  the  same  condition  that  existed 
before  the  1903  bridge  was  built. 

In  the  summer  of  1904  certain  changes  and  improvements  were 
made  at  the  pumping  station,  and  a  partial  dam  was  made  in  the  river 
just  below  the  pumping  station.  The  effect  of  this  dam  was  to  raise 
the  apparent  stage  of  the  water  at  the  gage.  A  correction  was  applied 
to  measurements  of  discharge  made  prior  to  July  18,  1904,  so  as  to 
eliminate  the  effect  of  the  dam  and  alterations  at  the  pump  house 
upon  the  gage  readings. 

On  July  18,  1904,  a  standard  chain  gage  was  attached  to  the  guard 
rail  on  the  upstream  side  of  the  Walnut  Sti-eet  Bridge  in  the  left- 
hand  span.  The  datum  of  this  gage  is  the  low-water  mark  of  1803, 
and  it  is  believed  that  it  records  truly  the  stage  of  the  river  to  that 
datum,  and  that  the  changes  in  bridges  below  and  at  the  pumping 
station  above  do  not  affect  the  records  obtained  from  it. 

The  length  of  chain  is  39.38  feet;  the  bench  mark  is  on  the  left  abut- 
ment at  the  top  upstream  outer  corner  of  the  bridge  seat;  its  elevation 
is  32.99  feet  above  low  water  of  1803. 

Observations  at  the  gage  in  the  pumping  station  are  made  by 
the  engineer,  C.  M.  Nagle,  each  morning  before  starting  the  pump. 
Observations  at  the  standard  chain  gage  are  made  by  Thomas  Num- 
bers, toll  collector,  once  daily. 

The  following  pages  give  the  data  which  have  l)een  collected  at 
Harrisburg  gaging  station  since  its  establishment;  also  the  results  of 
the  computation  of  these  data. 

Discharge  measurements  of  Susquehanna  River  at  Harrisburg^  Pa,,  1897-1904, 


Date. 


1897. 
Mar.  31 
May  15 
Aug.  80 
Sept.  16 
Kov.  17 


Hydro^rapher. 


E.  G.  Paul 

do.... 

do  .... 

do  

do  .... 


Gage 
height. 


Feet. 
5.42 
7.83 
1.50 
.58 
2.50 


Area  of 
aection. 


Square 
feet. 

17,048 

24,351 

7,444 

3,756 

9,825 


Mean 
velocity. 


Dis- 
charge. 


Feet  per 
aeeond. 

Second- 
feet. 

3.45 

58,859 

4.35 

105,  888 

1.29 

9,568 

1.06 

3.  962 

1.91 

17,824 

HOTT 
ANDKBSON 
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Discharge  measurements  of  Susquehanna  RU'^'r  at  Jfarrisbury,  /\i.,  lsi*7-UHJ4 — 

C\mtinued. 


Dftte. 


Hydroffimpber. 


189H. 

Feb.    25     E.  G.  Paul 
Mar.   24    ...   .do  ..   . 


Kar.  25 


do 


Mar.   26  , do 

July    10     do 

Sept.  22    do 

Oct.      7    do 

1899. 
June  11 
July    29 
Sept.  12 
Oct.     25 

1900. 
May    16 
Sept.  21 
Sept.  28  I do 

1901. 


E,  G.  Paul 

do  .... 

do  ... 

do      .. 


E.  G.  Paul 
do.... 


Aug.  12 
Oct.    28 

1902. 
Apr.    17 
Sept.  15 

1903. 
May      8 
June     2 
Oct.      5 
Nov.     2 

1904. 
Mar.  9 
July  15 
Sept.  13 
Sept.  29 
Oct.  1 
Nov.     4 


E.  G.  Paul 
do 


E.  C.  Murphy 

Hoyt  and  Holmes 

Paul  and  Sawyer 

E.  G.  Paul  and  others  . 

Sawyer  and  Tillinghast. 

N.  C.  Grover 

J.  C.Hoyt 

do 

N.  C.  Grover .  _ 

Hoyt  and  Comstock 


helKUt. 


Fert. 
6. 58 
15.75 
10. 75 
14.65 

.8;J 

.92 


7*> 


1.75 
.91 
.75 
.16 

2.42 
.08 

.04 

2.70 
1.85 


2.80 
1.50 
1.65 
3.08 

15.60 
8.08 
1.10 
1.78 
1.85 
1.82 


Ar««of  I     Mean  DIh- 

fw>ction.  ,  veliiolty.     charge. 


fiquarr 

feet. 

19,420 

43,715 

29.587 

39. 725 

4,400 

4,834 

4,459 

7,656 
4,524 
4,845 
3,699 

9,404 
8,313 
8,228 

9, 775 
7, 737 


5.40     17,476 
1.10       5,023 


9,810 

7.577 

7,290 

10,325 


Feet  per 
M-cond. 

3.91 
5.73 
5.06 
5.62 
1.22 
1.44 
1.31 


1.53 

1.44 

1.12 

.98 

1.87 
.80 
.72 

2. 05 
1.62 


11,870 
6,646 
8,780 
8,460 
8,972 


Secfmd- 
feri. 

76, 250 

250, 485 

149,589 

223, 374 

5,466 

6,993 

6,121 

11.746 
6,534 
5,404 
3,625 

17,621 
2,655 
2,357 

20,028 
12,556 


3. 46   60, 584 
1.39    6,982 


1.65 
1.11 
1.25 
1.96 


2.22 
.90 
1.34 
1.48 
1.89 


16,280 
8,390 
9,116 

20,245 

0261,860 
26,408 
5,950 
11,660 
12,560 
12,600 


a  River  nmning  full  of  ice.    Measurement  approximate. 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


Ixo.    109. 


Mian  daily  gage  height^  in  feet,  of  Susquehanna  River  at  Harrisburg,  Pa,,  1S91- 

1904, 


Day. 


1891. 

1 

2 

3 

4 

6 

6 


8. 

9- 
10. 
11- 

l:J. 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
80. 
81. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


1892. 


8. 
7. 


8.50 
8.25 
8. 75 

9.3;^ 

,00 
83 
6.83 
5.:« 
5.67 
4.17 
3.67 
3.75 
5.50 

11.8:^ 

13. 17 
17 10.83 


5. 
4. 
4. 
4. 


Jan. 


2.83  I 
3.00 
3.33 
4.50 
5.25 
5.01) 
5.50 
42 
92 
50 
08 
4.25 
6.00 
8.75 
7.92 
7.50 
6.67 
6.00 
5.67 
5.08 
4.83 
4.50 
7.08 
9.17 
9.50 
9.42 
42 
50 
00 
08 
83 


Mar. 


8. 
7. 

7. 


18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
Ti. 
28. 
29. 
20. 
81. 


9.08 
75 
67 
00 
17 


5.;« 

4.75 
4.50 
4.33 
3.58 
2.50 
2.08 
2.83 
2.83 


7.50 

7.42 

7.50 

7.42 

7.00 

6.42 

5.92 

5.58 

5.92 

14.25 

19.00 

17.83 

13.25 

11.75 

11.50 

10.25 

9.00 

8.25 

11.33 

18.06 


2.83 
2.92 
2.92 
3.08 
3.08 
3.00 
3.00 
2.92 
75 
60 

.50 


2. 
2. 
2. 
2. 


1 

1. 

1. 

2. 

2. 

2. 

2. 


2.00 

1    cn 

1.75 


83 
.67 
75 
.00 
83 
17 
50 
2.67 
3.17 
3.50 
4.8;^ 
4.50 
4.83 
4.67 


4.67 

4.67 

6.16 

7.08 

8.60 

9.67 

10.75 

10.00 

8.83 

7.75 

6.83 

6.17 

5.92 

6.83 

6.87 

8.06 

10.33 

10.83 

10.08 

8.92 

7.83 

7.50 

7.67 


4.50 
4.00 
3.58 
3.26 
3.00 
2.67 
2.83 

2.  as 

8.83 

5.25 

6.17 

5.92 

5.67 

5.00 

4.42 

4.00 

8.60 

3.83 

8.08 

8.00 

92 

67 

50 

50 

67 

3.50 

4.50 

10.83 

13.00 

12.00 

10.58 


2. 
2. 
2. 
2. 
2. 


Apr.    May.   June. 


10.68 

11.00 

11.50 

9.00 

11.60 

7.83 

11.17 

6.67 

10. 17 

5.67 

8.92 

5.67 

7.67 

5.25 

7.60 

5.00 

8.25 
9.00 
8.58 
8.75 
8.42 
8.00 
7.17 
6.42 
6.00 
5.67 
5.38 
6.08 
7.33 
9.ai 
8.50 
8.  Of) 
7.67 
.42 
.83 
.75 
.33 
.62 
.60 
.17 
.00 
75 
.67 
4.25 
4.08 
8.88 


9.75 

9.00 

8.50 

11.75 

14.33 

14.67 

13.17 

11.33 

9.50 

7.83 

7.00 

6.42 

5.67 

5.3:} 

4.75 
4.75 

4.33 
4.00 
3.83 
3.67 
3.50 
8.42 
3.50 
8.50 
3.  .•18 
8.58 
3.60 
8.33 
8.17 


3.58 
8.50 
3.42 
8.42 
8.25 
8.08 
8.00 
3.00 
2.92 
2.75 
2.67 
2.67 
,58 
60 
.50 
42 


2. 
2. 
2. 
2. 


2.42 


2.21 
2.17 
2.06 
2.00 


8.00 
2.83 
2.88 
2.88 
4.50 
5.83 
7.58 
7.58 
7.83 
6.67 
6.58 
5.00 
4.75 
4.25 


4. 
4. 
4. 
4. 
4. 


17 
17 
42 
83 
.92 
5.67 
7.25 
8.25 
8.83 
8.75 
8.25 
7.83 
6.67 
6.50 
6.83 
7.08 
6.42 


7.42 

2.33 

6.83 

2.25 

8.75 

2.25 

6.33 

2.04 

5.fl2 

2.00 

5.60 

2.13 

6.17 

2.25 

5.00 

2.38 

4.75 

2.29 

4.67 

2.25 

2.00 
1.92 
2.00 
2.00 
2.0I» 
2. 01) 
2.(W 
17 
58 
75 
3.00 
2.75 
2.67 
2.67 
2.58 
2.50 
2.42 
2.33 
2.33 
2.33 
8.83 
8.58 
42 
17 
58 
58 
33 
8.76 
8.60 
3.50 


5. 
6. 
5. 
4. 
4. 


6.92 
5.60 
6.17 
7.58 
12.50 
12.00 
11.25 
9.00 
7.67 
7.00 
7.42 
7.00 
6.42 
5.42 
4.67 
4.17 
3.76 
3.58 
8.50 
3.50 
3.67 
4.00 
3.67 
8.50 
8.67 
4.17 
3.68 
8.26 
8.50 
4.88 


July. 


2.76 

2.60 
2.58 
3.17 
4.08 
3.60 
3.(K 
2.67 
2.75 
2.67 
2.92 
2.88 
2.75 
2.50 
2.25 
2.17 
2.00 
1.88 
1.92 
2.08 
2.06 
2.06 
2.00 
2.00 
4.33 
4.00 
3.83 
8.33 
8.00 
2.75 
3.92 


8.25 
3.17 
8.06 
2.92 
8.rN) 

8.(e 

3.00 
a8:^ 
3.08 
2.88 
2.75 
2.58 
2.58 
2.68 
2.50 
2.60 
2.50 
2.42 
2.25 
2.42 
2.25 
2.06 
2.00 
8.08 
6.60 
6.68 
5.25 
5.67 
6.00 
5.83 
5.17 


Sept.     Oct. 


4.67 
4.00 
3.67 
8.38 
3.00 
3.00 
3.8;{ 
4.67 
4.50 
4.08 
3.83 
8.60 
8.08 
3.00 
8.00 
2.67 
2.67 
2.58 
2.58 
2.50 
2.25 
2.17 
2.08 
2.08 
2.00 
92 
83 
75 
76 
75 


1. 
1. 
1. 
1. 
1. 


4.67 

1.92 

2.92 

4.88 

2.00 

2.60 

3.75 

1.83 

2.83 

3.67 

2.00 

2.17 

3.50 

8.00 

2.00 

8.58 

2.83 

1.83 

8.42 

2.83 

1.88 

8.42 

3.00 

1.75 

8.42 

2.67 

1.67 

8.00 

2.42 

1.50 

2.83 

2.17 

1.50 

2.60 

2.08 

1.42 

2.17 

2.42 

1.42 

2.17 

2.50 

1..T0 

2  88 

3.50 

2.33 

2.42 

4.17 

2.33 

2.42 

4.00 

2.08 

2.25 

8.50 

1.83 

2.25 

2.88 

1.67 

2.08 

2.67 

1.50 

2.00 

2.38 

1.50 

1.75 

2.17 

1.50 

1.67 

1.90 

1.33 

1.67 

1.83 

1.17 

1.67 

1.92 

1.17 

1.58 

2.17 

1.25 

1.50 

2.00 

1.25 

1.50 

2.00 

1.25 

1.50 

2.00 

1.08 

1.42 

2.25 

1.08 

1.67 

8.00 

1.75 
1.67 
1.67 
1.68 
1.58 
1.58 
1,58 
1.75 
2.58 
8.00 
2.83 
2.67 
2.67 
2.58 
2.42 
2.83 
2.08 
2.00 
1.88 
1.92 
2.17 
2.50 
8.25 
4.67 
4.17 
8.67 
8.17 
3.00 
2.88 
2.67 
2.58 


1.06 
1.25 
1.42 
1.25 
1.08 
1.08 
1.00 
1.00 
1.00 

i.a) 

1.00 
.92 
.92 
.83 
.88 
.83 
.83 
.88 
.83 
.83 
.83 
.83 
.83 
.88 
.75 
.58 
.58 
.58 
.  08 
.58 
.60 


2.50 
2.50 
2.33 
2,25 
2.25 
2.25 
17 
17 
00 
00 
2.00 
2.67 
67 
00 
25 
08 


2. 
2. 
2. 

2. 


3.75 


4. 
4. 
4. 


00 
83 
75 
4.67 
4.25 
4.17 
4.08 
5.42 
6.42 
6.17 
5.42 
5.00 
4.67 


.50 

.60 

.60 

.60 

.60 

.50 

.60 

.60 

.75 

92 

.00 

17 

17 

17 

25 

1.25 

1,25 

1.25 

1.92 

2.50 

2.50 

2.92 

3.58 

3. 88 

2.92 

2.60 

2.08 

2.00 

2.00 

1.92 


1. 
1. 
1. 
1. 
1. 


4.25 
4.<1) 
3.67 
3.5(1 
4..^ 
8.75 
».») 

«.:« 

7.  CD 
6.(11) 
.'»-42 
5.(1) 
4.17 
4.33 
AMO 
3-8:< 
a  75 
3K7 
4.58 
5.W 
4.75 
4.17 

3.92 
4.58 
6.33 
8.25 
9.33 
8.58 

7.8:j 

8.50 


1. 
1. 
1. 
1. 


ft2 
SJ 
75 

58 
1.58 
1.50 
1.50 
1.50 
1.58 


1.67 
2.42 

4.26 

4.(W 
8.50 

ao8 

2.83 

Z.9t 
2.67 
2.58 
2.50 
2.4:; 
2.08 
1.50 
.»! 
l.(X 
2.58 
2.U1 

2.a-> 

2.25 
2.2.-1 
2.17 


ANUBKSON.J        h'LoVi    OF   SITSQUEHANNA    AT    UAUKlSBtKU. 
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Mean  daily  gage  height,  in  feet,  of  Susquefianna  Rit*er  at  Harrishurg,  Pa,,  1891- 

;f^4— C^^ntinued. 


Day. 

Jan. 

180S. 
1 

2 

2.(« 
2.911 

3 

4 

2.K) 
2.  St 

5  ..    

6 

4 

H 

9 

10 

11 

13 

13 

14.- 

2.75 
2.«7 
2..'i» 
2fH» 
2.:itl 

i.ai 

2.i.'» 
2.  ST. 

2.(JH 
2JW 

15 

16 . 

17 

2.08 
2.«»  1 
2.00  : 

18 

2.(30 

19 

211 

2.(N) 
2.(0 

Sfl 

2.(M) 

22 

2.(N) 

23 .-- 

2.00 

«4 

2.  a) 

25 

2.(K) 

as 

2.00 

27 

2.00 

28 

2.00 

29 

2.00 

30 

2.:» 

31 

2.50 

1894. 
1 

4.60  ' 

2 

3 

4. 50 
4.00 
8.86 

4 

6 

6 

3.50  ! 

3.:s 

7  

3.41 
5.16 
5.25 

8 

9  

10 

11        

4.58 
3.75 

12 

3.  Si  ' 

13 

2.50 

14 

3.10 

15 

16 

3.16 
2.8:^  ' 

17 

2.06 

18 

2.83 

19 

2.88 

jJO  

3.U) 

21 

2.8:i 

22 

2.K3 

23 

2. 58 

24 

2.41 

25 

2.41 

26  

2.41 

27      

2.41 

28 

2.50 
2.58 
2.58 
2.60 

29 

30 

31 

i         I         '         '         . 

Jan.     Feb.     Mar.  ,  Apr.    May.   June.   July.    Aug.  <  Sept.     Oct.     Nov. 


2.67  2.58 

:i<W  I  2.r>H 

4.00  2.7:1 

4. 17  2. 7.1 

5.(W  2.7'> 

5.<K  2.riO 

5.011  2.50 

5.:«  2.67 

5.42  3.  OK 

0.42  O.riO 

7.75  12.60 

11.58  '  i.h.8:j 

7.50  14.50 

O.fiO  14.5}i 

5.5K  13.00 

5.25  I  12.25 

7.75  !  10.  aO 

6.75  I  8.«3 
6.8:3  I  7.3:3 
5.33  I  6.67 
4.67  '  5.92 
4.25  6.58 
8.60  5.67 
8.00  ,  6.83 
8.00  I  7.25 
3.00,  7.76 
2.92  <  9.42 

2.76  I  8.67 
7.83 
7.83 

e.so 


2.41 
2.33 
2.25 


2. 
2. 
2. 


16 
08 
00 
2.00 
2.00 
2.08 
3.50 
5.(1) 
6.00 
5.66 
4.58 
4.3:3 
8.66 
3.33 
3.33 
3.3:3 
4.16 
5.66 
5.33 
5.16 
4.33 
3.33 
2.91 
2.33 
2.60 


3.16 
3.33  1 
3.50  i 
3.75 
4.08 
6.66  I 
7.86  I 
11.33  j 
12.16  , 
10.83 
8.50  ' 
9.83  I 
7.16  ' 
7.00  I 
6.41  ' 
5.83  I 
5.50 
5.08 
4.8:3 
4.58 
4.50 
4.3;{ 
4.60 
4.66 
5.50 
7.(K) 
6:3:3 
5.50 
4.91 
4.33 
4.00 


6.(»< 
6.U) 
6.42 

7.."jO 
7.tti 
H.92 
9. .'«!» 
H.«3 
H.(R) 
8.42 
10.00 
9.42 


42 

75 
42 

08 
«3 


8:3 
66 
:3.50 
3.25 
16 
(M) 
91 

8:i 
75 
75 
2.8:3 
3.00 
3.25 
3.66 
6.33 
7.6H 
9.08 
9.08 
50 
60 
75 
50 
9.41 
9.58 
9.91 
9.U) 
7.J55 
6.00 
6.41 
6.00 


8.92  , 

7.75  ! 

6.92 

7.00 

10.00 

10.92 

10. 50 

8.itJ 

I.D< 
6.8:3 

6.17 
6.67 
5.17 


3. 

3. 


8. 
8. 
2. 
2. 
2. 
2.IU 


4.92 
4.8:3 
S.TiO 
6.83 
16.17 
16. 50 
14.58 
12.00 
9.^)2 
H.26 
7.(11 
6.17 
5.50 
5.  (Ml 
4.76 
4.58 
5.92 
8.50 
9. 75 
9.  CM) 

7.  r>8 
7.00 

6.25 
5.58 
.42 
.92 
.50 

.:3:3 

.n 

3.92 
3.67 


4.68 
4.60  i 
4.16 
3.8:3  ! 
:3.50  ' 
3.16 
3.25  , 
:3.3:3  I 

3.50 ; 

:3.50  ' 
3.50  I 
3.08  ' 
2.91  , 
2.75 
2.50  I 
2.60  ! 
2:3:3  I 
2.:33 

2.:3:3 1 

5.:33  ; 

16:3:3 1 

25.58 

21.41 

15.2'i 

11.8:3 

11.3:3 

11.66 

9.50 

7.91 

7.00 

7.60 


8.67 
3.67 
;3.."iO 

;3.58 

:i.  58 
:3.17 
:3.(io 
:t.(io 
:).(Ni 
2.8:i 

2.67 
2.58 
2.50 
2.  :S3 
2.08 
2.00 
1.92 
1.8:3 
1.75 


1. 
1. 


75 
75 
1.68 
1.58 
<;> 
76 
00 
26 
50 


1 
1 
2. 

2. 
2. 

2. 
2. 


60 


9.60 

9.66 

9.16 

8.58 

8.41 

7.91 

6.75 

6.00 

5.50 

6.00 

4.66  I 

4.00  ' 

3.75 

:3.66 

:3.66  I 

:3.58 

3.41 ; 

3.16  ! 
3.  (JO  , 
:3.50 

:3.4i 

:3.08  , 

2.K{  , 

2.50 

2.50 

2.m  I 

2.58 
2.66  I 
2.41 
2.75 


2.33 
2.17 

2.08 

1.92  ' 
l.(>7 

\An 

1.58 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.75 

1.83  I 

1.8:3 

1.67 

1.67 

1.67 

1.67  • 

1.50 

1.42 

1.8:3 

1.2SJ 

1.17 

1.08 

1.08 

1.83 

.92 

.92 


2.58 
2.41 

2.:3:3 

2.25 

2.00 

2.00 

1.8:3 

1.8:3 

1.75 

1.66 

1.68 

1.50 

1.41 

1.41 

1.3H 

l.:33 

1.5S> 

1.10 

1.08 

1.08 

1.08 

1.08 

1.00 

1.08 

1.25 

1.41 

1.60 

1.50 

1.41 

1.16  , 

1.08  I 


1.08 
1.08 
1.13:3 
1.60 


1.66 
1.58 
1.60 
1.50 
1.08 
1.08 
1.08 
1.00 
1.00 
l.(NI 


00 

(JO 

(MJ 

00 

.91 

.91 

.8:3 

.8:3 

.75 

.75 

.75 
.66 
.66 

.58 
.50 
.41 


.K3 
.8:3  . 
.8:3  ' 
.  75  i 
.75 
.67 
.67  i 
.58 
.58  I 
.50  ' 
.50  , 
.42 
.42 
.42 
.33 
.33  , 
.:33 

.:i3  ' 

.67  I 

.58  ■ 

.60 

.42  I 

.42  I 

.33 

.42 

.60 

.50 

1.00 

3.00 

3.08 


I 


:3.58 
4.17 
:3.92 
:3.50 
2.67 
2.25 
2.00 
1.75 
1.67 
1.60 
1.50 
1.67 
2.00 
2.00 
1.8:3 
2.(K) 
2.50 
2.67 
4.42 
3.67 
8.26 
2.8:3 
2.50 
2.33 
2.33 
2.17 
2.00 
2.a) 
2.00 
2.00 


.33 

.33 

.:33 

.33 

.25 

.26 

.33 

.83 

.41 

1.00 

91 

50 

3:3 

25 

1.25 

1.16 

1.08 

08 

16 

08 

5.00 

5.50 

5.66 

4.83 

4.00 

:3.4l 

;3.oo 

2.58 
2.)fi 
2.08 


1. 
1. 
1. 
1. 


1. 
2. 
4. 


2. 

2. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
4. 
5. 
6. 
4. 


(Ml 
(N) 
8:3 
67 
50 
50 
42 
Xi 
42 

:3:3 
:C3 
:£3 

25 
67 
67 

:s 

25 
25 

:3.8:3 

3.42 
8.00 
2. 50 
2.50 

2.:3:3 

2.25 

2.25 
2.25 
2.00 
2.0(J 
2.00 
2.17 


1.91 
1.8:3 
1.58 
1.58 
1.41 
1.41 
1.3:3 
1.83 
1,25 


1. 
2. 
4. 
5. 
5. 
4. 


33 
,08 
91 
,68 
,08 
66 
4. 16 
8.8:3 
:3.66 
3.41 
300 
2.76 
2.50 

2.:3:3 

2.16 

2.:3:3 

3.58 

4.   !•) 

4.8:3 
4.33 
4.00 
8.76 


I 


2.17 
2.17 
2.17 
2.17 

2.:« 

3U) 
3.25 
2. 813 
2. 75 

2..'aj 

2.50 
2.42 
2.33 
2.17 
2.08 
2.00 
1.92 
1.83 


1,75 
1.75 
1.67 
1.58 
1.58 
1.67 
1.67 
1.58 
1.68 
75 
83 


1. 
2. 


8.67 


5.06 
5.25 

6.41 
60 
66 
58 
16 
7.00 
6.50 
6.00 
5.60 
5.33 
4.66 
4.50 
4.00 
3.91 

'6.m 

:3.60 
3.:?5 
:3.16 
3.08 
:3.25 
3.16 

:i.oo 

3.00 
2.83 
66 
58 
58 
50 


Dot' 


4.00 
:3.88 
:3.67 
:3.67 
3.tI7 
:3.60 
3.17 
8.00 
3.00 
2.92 
2.83 
2.8:3 
2.88 
2.60 
2.00 
2.25 
•2.42 
6. 75 
8.83 
7.(J8 
6.(U 
6.92 
4.42 
:3.92 
3.83 
8.83 
4.83 
5.92 
5.83 
6.17 
4.67 


2.41 
2:33 
2.50 
2.91 
3.60 
3.58 
358 
:3.33 
3.00 
3.00 
8.38 
4.00 
4.:» 
5.75 
(>.  16 
6.  Ai 
5. 75 
5. 16 
4.66 

4.:3:3 

4.08 

:3.8:3 

3.58 
:3.5(J 

3.:fi3 
:3.(i8 

3.00 

:3.oo 

4.00 
3  66 
8.66 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.    109. 


Mean  daily  gage  height ,  in  feet,  of  Susquehanna  River  at  Harrishurgy  Pa.,  1891- 

1904 — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1805. 
1 

3.92 
4.00 
4.25 
4.3:3 
\.m 
4.33 
4.83 
4.50 
4.76 
6.17 
7.42 
7.83 
'  8.50 
7.83 
6.76 
6.25 
5.75 
5.42 
5.00 
4.50 
4.42 
4.33 
4.00 
4.00 
8.33 
3.25 
3.08 
3.08 
3.08 
3.25 
3.00 

9.92 
9.17 
8.42 
6.50 
5.08 
4.00 
8.88 

3.  a) 

4.67 
4.33 
4.08 
4.00 
3.92 
4.00 
3.8:3 
3.8:3 
3.75 
3.58 
3.67 
4.00 
8.67 
3.50 
8.50 
8.50 

4.  a) 
7.25 
7.33 
6.17 
6.00 
6.75 
6.42 

2.92 
2.83 
3.00 
8.00 
7.00 
5.67 
6.76 
5.67 
5.50 
5.50 
6.58 
6.92 
6.83 
5.83 
5.67 
5.58 
5.50 
6.60 
6.33 
5.25 
5.17 
5.08 
6.00 
4.92 
4.75 
4.58 
4.50 
4.75 

4.60 
8.75 
:3.58 
3.58 
:3.50 
4.00 
11.50 
12.50 

10.3:} 

8.50 
6.83 
5.3:3 
4.92 
4.25 
3. 75 
3.75 

3.8:} 

3.58 
2.92 
3.00 
2.33 
3.67 
5.42 
5.42 
3.42 
3.60 
:3.67 
8.17 
8.17 

6.00 
8.58 
8.08 
10.50 
7.88 
7.67 
6.67 
6.25 
5.88 
6.17 
6.17 
6.83 
6.17 
6.00 
6.60 
6.75 
6.67 
6.3:3 
5.67 
6.50 
5.33 
5.17 
5.01) 
5.00 
5.00 
5.83 
8.(10 
9.00 
8.00 
7.17 
6.33 

7.17 
9.17 
9.76 
8.42 
7.17 
5.50 
5.00 
4.75 
4.50 
4.83 
5.08 
4.67 
4.00 
3.60 
2.67 
,  2.67 
2.33 
2.50 
:3,17 
4.00 
6.00 
5.75 
6.75 
6.25 
5.58 
5.00 
5.25 
6.08 
6.60 
9.25 
12.50 

6.76 
6.67 
6.17 
6.83 
6.67 
6.17 
6.00 
6.75 
8.08 
12.00 
13.67 
12.50 
10.92 
9.50 
10.00 
9.75 
8.76 
7.58 
6.67 
6.00 
5.50 
6.00 
4.68 
4.3:3 
4.00 
3.75 
3.68 
3.75 
3.75 
3.50 

14.58 
14.68 
13.75 
12.33 
10.60 
8.83 
7.25 
6.50 
6.17 
5.88 
5.50 
5.50 
6.00 
6.42 
8.00 
8.42 
8.17 
7.3:3 
6.83 
6.3:3 
6.75 
5.25 
4.83 
4.58 
4.33 
4.08 
4.00 
3.58 
3.42 
8.25 

8.42 

2 

3.33 

3 

3.25 
3.00 
2. 75 

4 

6... 

6 

2.67 

7 

2.50 
2.42 
2.25 
2.76 
3.00 
3.33 
3.67 
4.33 
4.33 
4.17 
4.06 
3.67 
8.50 
3.38 
3.17 
3.08 
2.92 
2.76 
2.68 
2.50 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

28 

27 

2.50 

28 

2.42 
2.42 
3.08 

29 

30 

31 

3.00 

1896. 
1 

3.00 
3.00 
2.83 
2.83 
2.67 
2.50 
2.42 
2.17 
2.08 
2.00 
2.00 
1.92 
1.75 
1.67 
1.67 
1.75 
1.58 
1.50 
1.50 
1.60 
1.50 
1.42 
1.42 
1.42 
1.33 
1.25 
1.17 
1.26 
1.50 
1.60 
1.50 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

2.67 
2.68 
2.50 
2.26 
2.08 
1.92 
1.83 
1.76 
1.75 
1.58 

i.:3:3 

1.42 
1.3:3 
I.::5 
1.25 
1.25 
1.25 
1.25 
1.26 
1.25 
1.17 
1.00 
.76 
.75 
.76 
1.50 
1.50 
1.50 
2.00 
3.50 


1. 
1, 
1. 
1. 
1. 
1. 
1. 


.50 
,60 
75 
.8:3 
,67 
,67 
,67 
1.68 
1.42 
1.76 
2.50 
2.68 
3.42 
3.25 
2.92 
2.58 
2.58 
2.88 
2.67 
8.00 
3.17 
8.00 
2.42 
33 
25 
67 
76 
00 


2. 
2. 
2. 
4. 
4. 


3.60 
3.08 


HOYT   AND 
ANDKKSON. 


]        FU)W   OF   SUSQUEHANNA    AT    HARRISBURO. 


Ill 


Mean  daily  gage  height  ^  in  feet,  of  Susuuefutnna  River  at  Harritburg,  Pa,^  189 1- 

ii>(?.^Continued. 


Day. 


Jan. 


1. 

3. 
4. 
5. 

6. 


8. 

9- 
10. 
11. 
12- 
13. 
U. 
IS- 
IS.. 
17. 
18. 
19.. 
30. 
21. 
22. 
23. 
24. 
25. 
26. 
27.. 
3H.. 
29- 
3D. 
31.. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
33 
24. 
25. 
26. 
27. 
28. 
29. 

ar). 

31. 


1807. 


IMRi. 


1.83 
2.00 
2.00 
2.  OB 
2.  SO 
&00 
8.67 
8,67 
3.67 
333 
8.08 
2.83 
2.42 
2.00 
2.00 
2.00 
2.00 
2.17 
2.83 
2.00 
1.83 
1.88 
1.92 
1.67 
1.67 
1.50 
3.83 
8.33 
3.00 
8.25 
8.33 


2.66 
2.83 
2.16 
2.66 
1.91 
1.91 
2.25 
2.  SO 
2.66 
2.75 
8.00 
8.00 
8.33 
4.00 
6.95 
8. 08 
7.83 
7.68 
6.58 
5.88 
6.75 
6.16 
7.41 
9.25 
10.60 
9.50 
8.00 
7.00 
6.06 
5.60 
4.88 


Feb. 


I 


8.88 
8.17 
8.17 
8.17 
8.08 
3.00 
4.25 
7.50 
6.68 
5.42 
4.88 
4.60 
8.92 
3.83 
8.83 
3.50 
360 
3.33 
368 
4.08 
4.00 
4.25 
5.tte 
7.92 
7.60 
6.60 
6.50 
4.60 


391 
8.41 
8.00 
2.66 
2.66 
2.66 
2.66 
8.08 
341 
350 
3.41 
3.75 
4.41 
7.86 
8.16 
7.50 
6.50 
5.83 
5.00 
4.83 
4.66 
6.83 
6.91 
7.75 
6.66 
6.25 
5.06 
5.00 


4.25 
367 
325 
8.83 


4. 

5. 

7. 
8. 
8. 


7. 
8. 
8. 
7. 
7. 
6. 
5. 
6. 
6. 
7. 


92 

92 

67 

58 

00 

6.ti2 

6.60 

25 

67 

42 

75 

00 

,92 

60 

00 

83 

42 

8.25 

9.75 

9.50 

10.17 

11.50 

10.67 

8.00 

7.42 

6.33 

5.58 


4.66 
4.83 
4.16 
3.91 
3.66 
358 
3.50 
360 
8.33 
383 
383 
4.91 
6.50 
8.66 
9.83 
9.33 
8 

7.16 

6.33 

5.83 

7.33 

9.25 

10.91 

15.63 

15.25 

11.66 

9.25 

7.75 

6.06 

7.00 

9.00 


Apr. 


»* 


6.00 


4. 

4. 
4. 
4. 


67 
88 

17 
00 


3.8:1 

375 
375 
375 
5.fl2 
9.  a) 
9.50 
8.00 
6.83 

6.  a) 

6.00 
6.58 


7. 
6. 


.00 
,58 
6.00 
5.50 
4.92 
4.60 
4.17 
3  88 
367 
3.58 
350 
383 
8.17 


8. 
7. 


06 
41 


6.41 
5.75 


5. 
4. 
4. 
4. 
4. 
3. 


41 
91 
50 
41 
10 
83 
366 
360 
333 
3.25 
316 
8.66 
4.08 
301 
366 
8.50 
8.41 
8.33 
3.16 
3.00 
350 
6.66 
10.33 
9.50 
8.16 
6.06 


May. 

Jane. 

308 

2.92 

308 

2.83 

5  60 

2.67 

6.50 

2.58 

750 

2.67 

7.08 

300 

7.00 

2,67 

6.33 

2.50 

5.50 

2.67 

4.83 

2.67 

4.50 

2.67 : 

4.00 

2.67  , 

4.00 

3(K 

6.00 

350 

7.76 

325 

7.92 

2.92 

7.33 

2.67 

6.60 

2,60 

6.75 

2.25 

5.00 

2.17 

4.25 

2.17 

4.25 

2.17 

3.58 

2.00 

8.50 

1.83 

8,75 

1.75 

375 

1.75 

8  50 

1.67 

3  58 

1.68 

392 

1.68 

3.50 

1.60 

325 

6.00 

4.83 

5.41 

4,16 

4.83 

391 

4.66 

358 

4.41 

333 

4.4:3 

3.00 

4.66 

2.83 

6.50 

2,66 

6.25 

2,50 

5.58 

2.50 

5.16 

2.33 

4.75 

2.33 

4.50 

2.25 

4.00 

2.25 

4.00 

2.41 

4.25 

2.75 

5.16 

325 

6.08 

3.00 

5.:fl 

2.66 

5.50 

2.41 

6.66 

2. 313 

6.66 

2.33 

6,50 

2.08 

6.00 

2.00 

7.00 

2.16 

6.50 

2,08 

6.50 

2.00 

6,16 

1.91 

5.76 

1.83 

5.88 

1.66 

4.91 

Jnly. 


1.42 
1.83 
1,25 
1.25 
1.25 
1.25 
1.42 
1.42 
1.25 
1.25 
1.17 
1,08 
1,00 
1.08 
1.00 
1.00 
1.17 
1.17 
1.08 
1.08 
1.50 
1.50 
1.33 
1.42 
1.58 
1.75 
1.75 
2.17 
a  88 
4,60 
4.08 


Aug. 


Sept. !  Oct.     Not. 


Dec. 


50 
42 
42 
1.3:3 
1,17 
1.17 
1.25 
1.67 
2.87 
2.08 
1.75 
1.58 
1.50 
1.83 


2.00 

1.41 

2.16 

1.60 

2.00 

1.41 

1.75 

2.83 

1.66 

4,58 

1.58 

5,33 

1.50 

4,00 

1.41 

350 

1.3a 

3,08 

1.25 

366 

1.16 

4.25 

1.08 

3,75 

1.00 

333 

.91 

2.66 

.83 

2.50 

83 

2,25 

.75 

2.  a) 

.66 

1,91 

.66 

2,:33 

.75 

3,00 

.91 

4,41 

.75 

4,33 

.91 

3  75 

.83 

341 

.83 

300 

.83 

2.66 

1  83 

2.50 

1.16 

2,41 

1.83 

4,16 

1  58 

383 

1.33 

8.00 

4.00 
4,38 
383 
8.25 
2.83 
2.67 
2.42 
2.67 
2.60 
2.08 
2.08 
2,00 
1,83 
1,75 
1.58 
1.58 
1.50 


1 


1.25 
1,08 
1.00 
00 
l.(N) 
.92 

.m 

.83 
.83 
.66 
.58 
.67 
.67 
.67 
,50 
.68 
.67 
.75 
.75 
.67 
.68 
.68 
.58 
1.00 
1.50 


1. 
1. 


.50 
,83 
l.fiEi 
2.25 
2.00 


2.66 
2.33 
300 
2.50 
2.08 
1.91 
1.66 
1.66 
1.66 
2.00 
2,83 


75 

58 
08 


1.91 


1.75 

1,41 

1.33 

1.16 

1.00 

,91 

.91 

.91 

.83 

.83 

.75 

.91 

.91 

.75 

.75 


1 


1 


1.75 
1.50 
l.Sfi 

17 
1.<J8 
l.(X) 

00 
.92 

.8:3 

.67 
.67 
.58 
.75 
.75 
.75 
.75 
.67 
.67 
.58 
.58 
.50 
.58 
.75 
.75 
1.00 
1.00 
1.00 
.92 
.88 
.75 
.75 


.75 
.75 
.66 
.66 
.66 
.66 
,66 
1.00 
1.33 
1.41 
2.25 
2.40 
2.33 
2.00 
2.00 
2.08 
2.16 
325 
375 
4.00 
4.33 
4.25 
7.313 
8.33 
7,41 
6.16 
5,66 
5,58 
5.66 
6.08 
5.33 


.67 
1.17 
8.  OK 
4.08 
3  50 
308 
300 
2,75 
2.50 
2.41 
2.67 
2.67 


2. 
2. 
2. 
2. 
2. 
2, 
2, 


60 
50 
.50 
.50 
50 
67 
,92 
3.42 
8.25 
8.17 
2.83 
2.60 
2.60 
2.50 
2.33 
2.60 
8.50 
4.92 


4.66 
4.00 
366 
8.50 
3.16 
300 
2.91 
2,50 
2.50 
2.50 
2.58 
4.00 
8.75 
8.00 
6.58 
50 
83 
33 
16 
16 
4.25 
4.58 
4.83 
4.66 
4.33 
4.00 
301 
8.66 
350 
3.83 


5. 
4. 
4. 
4. 
4. 


5.00 
4.50 
4.00 
3  75 
3.33 
4.75 
5.17 
5,08 
6,42 


4. 
4. 
4. 
4, 

4. 
4. 


92 
38 
17 
17 
33 
58 
6,58 
7.67 
8.17 
7.:38 
6.33 
6.58 
5.00 
4.06 
3  83 
8.42 
2.83 
2.75 
2.67 
2.67 
2.68 
2.60 


8.06 
316 
308 
3,00 
366 
6.00 
4.50 
4,08 
3,83 
358 
308 
2.50 
2.25 
2.25 
2.08 

2,a> 

2.00 
1.91 
2.00 
2.50 
2.91 
8.06 
350 
5.41 
7.83 
1.00 
6.33 
5.3:3 
4,83 
4.38 
388 
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[xo.    lOlP. 


Meaji  daily  gage  lieight,  in  feet  ^  of  Susquehanna  River  at  Harrisburg,  Pa.,  1891- 

1904 — Continued . 


Day. 

Jan. 

Feb. 

2.50 
2.00 
1.91 
2.25 

.  2.58 

2.m 
2.8:< 

2.41 
2.60 
2.41 
2.41 
4.41 
4.41 
4.58 
4.58 
4.66 
4.83 
4.83 
4.91 
4.76 
4.91 
6.33 
7.50 
7.60 
7.16 
6.83 
7.33 
9.00 

2.91 
1.83 
3.91 
4.00 
4.66 
4.33 
6.60 
6.00 
4.00 
4.8:^ 
5.75 
.5.50 
5.66 
7.66 
8.00 
8.25 
7.41 
6.00 
4.75 
3.91 
2.16 
3.  .58 
9.50 
11.16 
9.75 
6.83 
5.  Ti) 
4.50 



Mar. 

Apr. 

May. 

3.41 
3.08 
;3.08 
3.41 
:3.16 
3.16 

:3.oo 

2.75 
2.813 
2.66 
2.76 
2.75 
2.91 
2.83 
2.58 
2.60 
2.60 
2.68 
3. 75 
4.76 
5.16 
4.25 
3.91 
:3.68 
3.16 
3.00 
2.91 
2.66 
2.60 
2.60 
2.60 

4.00 
3.75 
3.60 
3.33 
8.08 
2.83 
2.83 
2.75 
2.50 
2.50 
2.42 
2.13:3 
2.42 
2.42 
2.  .50 
2.40 
2.3:3 
2.:33 
2.25 
2.50 
2.92 
2.17 
2.83 
2.58 
2.42 
2.25 
2.17 
2.(N) 
2.U) 
2.U) 
1.92 

June. 

2.60 

2.  .58 
2.50 
2.  .50 
2.50 

2.:« 

2.08 
1.91 
1.91 
1.91 
1.75 
1.66 
1.66 
1.58 
1.50 
1.60 
1.41 
1.25 
1.25 
1.26 
1.25 
1.16 
1.08 
1.00 
1.41 
2.00 
1.66 
1.50 
1.60 
1.76 

2.68 
2.60 
2.33 
2.17 
2.50 
2.67 
2.60 
2.17 
2.17 
2.08 
2.00 
2.00 
1.92 
1.92 
2.00 
2.17 
2.17 
2.00 
1.83 
1.83 
1.82 
1.75 
1.76 
1.58 
1.42 
1.8:3 
1.33 
1.33 
1.83 
1.17 

July. 

Aug. 

Sept, 

Oct. 

l.OB 
.83 
.83 
.75 
.66 
.66 
.58 
.68 
.58 
.66 
.68 
.68 
.60 
.50 
.51 
.41 
.41 
.41 
.41 
.33 
.3:3 
.33 
.33 
.16 
.16 
.25 
.38 
.88 
.41 
.88 
.38 

.04 
.04 
.04 
.06 
.04 
.04 
.04 
.08 
.04 
.04 
.04 
.04 
.25 
.83 
.83 
.75 
.58 
.66 
.68 
..58 
.60 
.50 
.50 
.50 
1.00 
1.08 
1.00 
1.25 
1.16 
1.00 
.91  1 

Nov. 

Dec. 

1890. 

1 

2 

3.25 
3. 16 
2. 75 
3.25 

3.50 
5.00 
K.0(» 

r..8:j 

6.08 
5.41 

4.58 
4.(KJ 

3.:« 

3.16 
3.:i3 
3.66 
4.83 
7.00 
6.33 
5.66 
4.91 
4.33 
4.25 
4.08 
4.16 
5.25 
4.50 
3.83 
3.25 
3.00 
3.00 

1.83 
1.66 
4.60 
4.91 
4.83 
.5.25 
5.60 

6.:« 

4.91 
4.58 
4.50 
5.60 
4.91 
6.25 
5.25 
5.25 
4.66 
.5.00 
4.83 
4.(X) 
4.25 
10.66 
12.00 
9.16 
7.25 
6.08 
5.00 
4.  .50 
4.(»S 
3.3;i 
2.50 

8.41 
8.16 
7.83 
7.41 
8.W) 
12.50 
13.  U) 
11.41 
9.25 
7.66 
6.60 
6.75 
5.75 
7.60 
8.41 
8.  (JO 
7.41 
6.41 
4.33 
7.16 
8.50 
8.16 
7.60 
7.16 
7.41 
7.41 
6.83 
6.33 
6.8:3 
7.83 
8.08 

4.00 
13.12 
12.;^3 
9.5(» 
7.91 
6.91 
6.00 
6.16 
6.50 
5.83 
5.6(5 
6.25 
6.76 
4.66 
4.50 
4.00 
3.6(t 
3.16 
3.00 
3.00 
3.91 
6.87 
6.8:3 
6.00 
6.75 
5.88 
5.50 
5.25 
4.8:3 
4.50 
4.41 

7.25 
6.41 
.5.8:3 
.5.:33 
4.91 
4.41 
4.25 
4.75 
6.83 
8.75 
8.41 
7.75 
6.75 
6.75 
8.(1) 
8.00 
7.83 
7.33 
6.83 
6.00 
5.41 
5.08 
4.91 
4.60 
4.41 
4.00 
3.91 
8.76 
3.66 
3.60 

4.16 
4.00 
4.16 
4.41 

5.:33 

(J.  00 
6.41 
6.08 
6.16 
6.76 
6.50 
6.58 
5.00 
4.50 
4.3:3 
4.. 50 
4.41 

4.:3:3 

5.08 
7.08 
7.3:3 
6.83 
6.(J8 
5.8:3 
(J.(K) 
6.25 
5. 75 
5.08 
4.58 
4.17 

1.75 
1.66 
1.66 
1.50 
1.13:3 
1.25 
1.25 
1.16 
1.16 
1.16 
1.41 
1.25 
1.16 
1.16 
1.16 
1.08 
1.00 
1.25 
1.25 
1.25 
1.25 
1.33 
1.33 
1.83 
1.16 
1.00 
1.00 
1.00 
.91 
.83 
.76 

1.17 

1.08 

1.00 

1.08 

1.33 

1.17 

1.33 

1.17 

1.42 

1.42 

l.:33 

1.17 

1.08 

1.08 

l.(X) 

1.00 

1.00 

1.08 

.92 

.92 

.8:3 

.76 

.75 

.75 

.75 

'  .83 

1.60 

1.25 

1.25 

1.42 

1.25 

.75 

.75 

.76 

.75 

.75 

.91 

.75 

.75 

.83 

.75 

.66 

.66 

1.08 

1.08 

1.25 

.91 

.66 

.66 

.60 

.50 

.50 

.60 

.50 

.60 

.60 

.41 

.66 

4.00 

2.66 

2.60 

2.16 

1.25 
1.00 
1.00 
.92 
.76 
.67 
.67 
.58 
.50 
.58 
.50 

.:« 

.33 
.26 
.17 
.17 
.25 
.17 
.17 
.17 
/Ai 
.42 
.83 
.60 
1.25 

i.a) 

1.17 
1.60 
1.33 
1.00 
1.06 

1.83 

1.50 

1.25 

1.08 

1.08 

1.00 

.91 

.91 

.83 

1.00 

1.00 

.75 

.83 

1.41 

1.25 

.83 

.76 

.76 

.58 

.66 

.75 

.66 

.66 

.66 

.66 

.66 

1.00 

1.83 

1.16 

1.08 

1.00 
1.00 
.83 
1.17 
.92 
.83 
.58 
.68 
.68 
.60 
.42 
.33 
.17 
.25 
.25 
.26 
.25 
.17 
.08 
.12 
.08 
.07 
.06 
.04 
.04 
.02 
.00 
-.04 
-.04 
+.04 

.50 
l.flB 
2.50 
:3.25 
4.60 
:3.91 
3.75 
3.16 
2.83 
2.  .50 
2.25 
2.16 
2.08 
2.00 
2.25 
2.41 
2.41 
2.41 
2.83 
8.00 
2.91 
2.68 
2.  .50 
2.25 
2.25 
2.25 
2.16 
2.00 
2.00 
1.88 

.83 

.88 

.75 

.76 

.75 

.66 

.66 

.66 

.76 

.68 

.66 

.60 

.68 

.75 

.66 

.66 

.83 

.91 

.75 

.91 

.91 

.91 

.8:3 

1.00 

1.08  ' 

1.66 

5.91 

13.04 

12.33 

8.91 

i.r» 

3 

!..'>» 

4 

5 

6 

7 

8 

l..-|*i 
1..VJ 

l.-TO 
I..5<l 

»_ 

10 

11 

1.50 

1..T0 

12 

13. 

14 

15  

16 

2.75 
5.5(» 

6.:3:3 

6.00 

17 

5.:3:3 

18 

19 

4.58 

4.(t( 

20 

3.73 

21 

3. 75 

22 

3-K< 

23 

4..'i() 

24 

4.25 

25 

6.K3 

26 

6.75 

27 

.5.25 

28 

4..")H 

29 

8.K3 

30 

31 

3.0(1 
2.25 

1900. 
1 

7.00 

2 

5.8:3 

3 

5.25 

4 

4.60 

5 

5.00 

6 

7.25 

7 

7.41 

8 

7.  OK 

9 

6.00 

10 

5.25 

11 

4.  "."> 

12 

4.(>« 

13 

3..s:3 

14 

:3.(i) 

15 

2.91 

16 

17 

2  85 
2.25 

18 

19 

2.(t^ 

20 

2.(K 

21 

2.011 

22 

Zi 

24 

2.16 
2.41 
2.16 

26 

2.:3:3 

26 

2.41 

27 

2.00 

28 

2.6K 

29 

2.91 

30 

2.58 

31 

2.0U 

IIOYT   AN 
ANDEBSON 


J']        FLOW    OF   SUSQUKUANNA    AT    HARRISBUKO. 


lis 


Mean  daily  gage  height^  in  feet ^  of  Su»juehanna  i^itvr  at  Harrisburg,  Pa.,  1S91- 

/.w>4— Contiiiued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Au(C. 

Sept. 

Oct. 

Nov. 

Dw. 

1901. 
1 

2.25 

2.58 

1.75 

7.16 

5.16 

12.58 

8.08 

1.66 

3.50 

2.08 

1.41 

3.08 

2- 

2.  OH 

4.00 

1.66 

6.(N) 

4.58 

10. 41 

2.K) 

i.k:) 

3. 75 

2.41 

1.41 

8.00 

3 

l.HB 

3.3:^ 

1.75 

5.H6 

4.50 

8.91 

2.58 

1.75 

4.75 

2.;)3 

\.'X\ 

2. 75 

4 

i.eR 

a  25 

l.KJ 

(K25 

4.41 

7.8:) 

2.:« 

1.58 

5. 16 

2.;« 

i.;« 

2.75 

5.. 

1.75 

3.25 

2.:« 

7.50 

5. 16 

7.16 

;.».25 

1.5(» 

4.8:) 

tM\ 

1.25 

:i()8 

« 

\.m 

3.W 

2.511 

7.83 

5.(N) 

6.:« 

2.16 

1.25 

4.16 

2.41 

1.25 

2.66 

4 

1.41 

3.16 

2.58 

8.06 

4.58 

6.50 

2.:« 

l.(S6 

;).  58 

2.16 

1.225 

'     2. 75 

8 

\A\\ 

3.  Itf 

2.50 

11.41 

4.08 

5.  no 

2.16 

2.rrf< 

3.16 

l.s:) 

1.16 

2. 25 

9 

1.5i» 

3. 16 

3.00 

12. 75 

3. 75 

6.  (HI 

2.08 

2. 75 

2.8S) 

1.75 

1.16 

2.16 

10 

l.iiU 

3.U) 

3.25 

11. »» 

3.66 

6. 75 

2.08 

2.rio 

2.50 

1.75 

1.16 

2.58 

11 

\.m 

2.83 

6.41 

10.  (M) 

3.41 

5.511 

2.(N) 

2. :« 

2.50 

1.66 

1.16 

4.  50 

12 

2.(111 

2.91 

11.76 

8.86 

3.83 

5.00 

1.91 

2. 75 

1   2.;):) 

1.66 

l.OfJ 

7.(«o 

la - 

2.W) 

2.8:J 

11.83 

7.50 

4.16 

4.66 

1.91 

2.41 

2.41 

1.66 

1.08 

7.U) 

14 

2.511 

2.75 

9.3:) 

6.91 

4.50 

4.25 

1.83 

2.(1) 

,  2.:)3 

I.K) 

1.25 

6.16 

15 

xm 

2.75 

l.H) 

((.16 

5. 10 

3.91 

1.91 

1.75 

2.;« 

2.41 

i.:)3 

9.25 

16 

•A'M 

2.58 

6.66 

6.91 

6.08 

3.50 

1.76 

\.m 

2.25 

2.66 

1.58 

21.41 

17 

3.41 

2.75 

6.25 

6. 75 

4.66 

3. 75 

1.66 

1.66 

2.41 

2.50 

1.68 

18.58 

IH 

2.91 

2.58 

5.75 

5.38 

4.16 

3. 58 

2.08 

1.75 

2.41 

2.08 

1.91 

14. 16 

19 

2.5H 

2..'i0 

5.25 

5.00 

4.(N) 

3..'iO 

2.41 

5.50 

2.50 

2.08 

1.91 

9.83 

ao 

1.75 

2.50 

5.00 

4.76 

4.26 

3.25 

2.25 

5.83 

2.66 

2.00 

1.91 

7.41 

21 

1.75 

2.08 

5.91 

5.60 

4.08 

8.0* 

2.00 

6.00 

'    2.58 

2.00 

1.75 

6.16 

22 

1.83 
2.00 
1.75 

2.00 
2.00 
1.91 

8.50 
9.  SO 
9.08 

11. (U 
13.58 
12.16 

4.110 
5.54) 
8.41 

8.35 
3. 75 
3.8;) 

1.83 
1.75 
1.66 

4.08 
4.16 
4. 75 

2.58 

2.41 

t    2.33 

1.91 
1.91 
1.83 

1.75 
1.58 
1.83 

4.8;) 

23 

8.83 

24 

3.58 

25 

2.  a) 

1.91 

8.00 

10.16 

7.50 

4.00 

1.58 

7.75 

2.08 

1.83 

2.50 

3.75 

28 

1.75 

1.91 

7.66 

9.16 

8.00 

3.91 

1.50 

9.00 

2.00 

1.66 

3.08 

3.75 

27 

2.00 

1.75 

8.83 

8.50 

7.50 

3.75 

1.58 

7.25 

1.83 

1.58 

6.41 

8.91 

28 

2.00 

1.75 

11.75 

7.26 

7.00 

3.50 

\.m 

5. 75 

1.76 

1.66 

5.25 

8.91 

29 

2.  a) 

!2  91 

6.50 

8.75 

8.25 

1.50 

4.75 

1.66 

1.60 

4.00 

3.91 

30 

1.75 

11.16 

6.76 

12.25 

3.16 

1.50 

4.(« 

1.66 

1.41 

3.58 

5.58 

31 

1.66 

9.00 

13.91 

1.50 

3.50 

1.41 

6.25 

19Ce. 

1 

5.26 

8.58 

20.83 

6.25 

2.75 

i.7n 

3.58 

5.83 

1.25 

4.83 

6.50 

2.41 

2 

4.75 

8.86 

23.91 

6.58 

2.83 

1.75 

(J.  16 

5.:):) 

1.25 

6.00 

4.75 

2.41 

3 

4.25 

3.50 

23.33 

6.33 

'Z,K\ 

1.66 

7.33 

5.50 

1.25 

5.91 

4.50 

2.58 

4 

3.83 

3.25 

21.41 

6.U) 

2.66 

1.66 

6.66 

6.25 

1.25 

5.66 

\    4.00 

3.33 

6 

3.00 

2.41 

16.33 

4.75 

2.66 

1.66 

7.8:) 

5.50 

1.16 

4.66 

3.50 

3.75 

6 

8.00 

2.00 

12.25 

4.50 

2.8:< 

1.66 

7.50 

4.8:) 

1.08 

4.66 

8.50 

3.25 

7 

8.00 
2.83 

6.08 
5.25 

9.50 

7.  (JO 

4.50 
4.50 

2.75 
2.66 

1.50 
1.25 

6.83 
7.3;) 

4.50 
4.00 

1.00 
.91 

4.66 
4.41 

8.25 
8.08 

3.50 

8 

3.41 

2.75 

5.00 

5.25 

9.00 

2.66 

1..W 

8.50 

;).58 

.91 

3.83 

2.91 

3.41 

10 

3.00 

5.08 

5.00 

14.66 

2.66 

1.58 

7.16 

3.:.»6 

.91 

:s.8:s 

2.75 

:-).i6 

11. 

2.91 

5.:« 

6.66 

14.16 

2.66 

1.50 

6.16 

:).5o 

.91 

3.50 

2.66 

3.00 

12 

2.66 

5.16 

8.33 

11.58 

2.50 

1.50 

6.16 

3.58 

1.25 

;).58 

2.41 

3.00 

13 

2.58 

4.83 

10.91 

10.91 

2.41 

1.50 

6.25 

3. 25 

1.25 

4.75 

2.41 

8,83 

14 

2.25 

4.41 

13.41 

8.16 

2.:« 

\.H) 

5.50 

:^.08 

l.(»8 

4.8;) 

2.:*) 

3.66 

15 

2.25 

4.41 

13.58 

7.08 

2.25 

1.75 

4.68 

2.8:) 

1.16 

3. 75 

2.33 

4.00 

16 

2.25 

4.25 

12.00 

6.41 

2.16 

1.75 

4.00 

2. 75 

1.08 

3.91 

2.25 

17 

2.16 

4.IH 

12. 16 

5.66 

2.16 

2.25 

5).  50 

2.50 

1.08 

3.75 

2.16 

6.3;) 

18 

2.00 

3.85} 

15.00 

5.08 

2.00 

2.41 

:i25 

2.50 

1.00 

3.16 

2.16 

8.5'^ 

19 

2.00 
2.16 
2.16 
5.16 

3.75 
3.75 
3.76 
4.(10 

13.66 

11.33 

9.50 

6.W 

4.76 
4.41 

4.08 

1.83 
1.8:^ 
1.75 
1.75 

2.41 
2.33 
2.16 
2.16 

3.25 

:^.l6 
3.;« 

2. 16 
2.00 
2.00 
1.91 

1.00 

l.(K( 

1.00 

.91 

:).;);) 
:).oo 

2.91 
2.66 

2.16 
1.91 
1.83 
1. 75 

8.:i) 

20 

7.6({ 

21 

7.16 

22 

8.5) 

23 

10.00 

4.  a) 

6.60 

3.50 

1.83 

2.10 

8.08 

1.91 

.8;) 

2.58 

1.75 

12.  &» 

24 

6.75 

4.08 

5.33 

3. 41 

1.66 

2.0(» 

8.00 

1  75 

.81) 

2.41 

1.66 

12.  (M5 

25 

6.50 

4.16 

6.33 

3.25 

1.66 

2.(M) 

7.25 

1.75 

.85) 

2.25 

1.66 

11. 50 

28... 

5.41 

6.41 

4.66 

3.00 

1.66 

2.00 

1.58 

1.66 

2.41 

1.91 

8.25 

27 

5.08 
5.33 
5.33 
4.33 
8.91 

9.41 
9.66 

....... 

3.66 
3.«t 
4.41 
4.41 
5.33 

2.91 
2.75 
2.75 
2.76 

1.66 
l.»5 
1.6(5 
1.66 
1.75 

2.16 
2.41 
2.41 
3.00 

8.08 

6.8;) 

6.83 
6.16 
6.16 

1.58 
1.50 
1.41 
1.25 
1.25 

3.75 
5.- 16 
4.83 
4.2)3 
....... 

2.33 
2.33 
;i66 
5.66 
6.00 

2.00 
2.25 

2.3:) 

2.41 

7.25 

2H 

6.16 

29 

6.58 

m 

4.8:) 

31 

4.58 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[no.  109. 


Mean  daily  gage  height,  in  feet,  of  Susquehanna  River  at  Harrishurg,  Pa, ,  1S91- 

1904 — Continued. 


Day. 


Jan.  I  Feb. 


1903. 
1 

4. 16 

2 

8.66 

3.- 

4 

3.  «i 
4.83 

5 

5.58 
5.91 

6.3:^ 

8 

5.83 

9 

5.00 

10 

4.33 

11 

3.41 

12 

2.91 

13 

2.66 

14 

2.25 

15 

2.25 

Ifi 

2.66 

17 

3.00 

18 

1ft 

3.16 
3.16 

20 

3.16 

21 

3.16 

22 

3.25 

23 

4.16 

24 

4.00 

25 

8.91 

26 

3.50 

27 

3.50 

28 

3.58 

29 

80 

3.75 
4.66 

31 

8.06 

1904.  n 
1 

2 r 

2.16 
2.16 

8 

4.00 

4 

8.16 

5 

8.16 

6 

2.91 

7 

2.91 

H 

2.83 

9 

2.83 

10 

h2.83 

11 

3.00 

12 

3.58 

13 

14 

3.83 
4.91 

15 

16 

4.66 
4.50 

17 

18 

5.00 
5.00 

19 

4.25 

21) 

21 

22 

23 

4.08 
4.16 
4.60 
6.  .50 

24 

25 

<i5..^) 
11.50 

2«.. 

27 

10. 16 
7.66 

28 

29 

6.8:3 
5.8.'J 

30 

4.75 

31 

4.50 

11.50 
10.50 
8.75 
8.91 
13.83 
14.58 

12.  a5 
9.;e 

8.25 
7.00 
6.00 
6.16 
6.50 
6.66 
7.50 
7.66 
7.66 
7.00 
6.00 
5.25 
4.08 
4.60 
4.50 
4.33 
4.16 
4.08 
4.58 
6.50 


4.41 

4.16 

4. 00 

4.75 

8.41 

4.41 

8.75 

8.83 

5.50 

9.08 

9.33 

8.41 

9.91 

18.50 

12.  .'iO 

11.58 

10. 16 

9.91 

9.16 

9.16 

8.66 

9.16 

10.16 

10.16 

10.75 

10.41 

10.58 

9.50 

9.08 


Mar. 


13.41 

16.88 

14.60 

11.00 

9.00 

8.75 

7.66 

8.16 

8.00 

10.68 

12,60 

11.41 

11.91 

10.83 

9.75 

8.38 

7.83 

7.16 

6.60 

6.50 

5.50 

5.66 

6.00 

9.41 

L5.16 

14.16 

11.00 

9.58 

8.16 

6.83 

6.88 


9.41 
11.50 
11.91 
13.50 
22.00 
19.41 
16.33 
21.16 
15.91 
15.(0 
12.00 
9.16 
7.91 
6.  .58 
6.08 


I    r 


5.58 

5.25 

4.83 

4.66 

4.66 

.5.00 

5.58 

6.66 

7.08 

10.41 

11.00 

15.25 

13.83 

12.50 

10.16 

8.41 


6.50 
7.25 
7.50 
6.75 
6.60 
5.75 
75 
75 
75 


5. 
5. 
5. 


6.83 

7.00 

6.83 

6.50 

6.50 

8.83 

12.66 

12.75 

10.66 

9.3:3 

8.00 

6.50 

6.3:3 


83 
66 
25 
,58 
.50 
.00 
8.50 
8.50 


5. 
5. 
5. 
4. 
4. 
4. 


6.40 
10.15 
18.06 
11.15 

9.4(J 


7. 
6. 


73 
73 
6.15 
6.06 
6.40 
8.48 
9.15 
7.98 
7.15 
6.81 
.5.25 
5.15 
5.06 
4.56 
4.48 

:i90 

8.31 
3.7:3 
3.56 
:3.40 
3.48 
3.48 
3.73 
4.90 
6.98 


2. 

2. 
2. 
2. 


8.41 
3.26 
:3.00 
2.58 
,60 
33 
33 
25 
2.16 
2.16 
2.16 
2.16 
2.08 
2.08 
2.08 
2.08 
2.08 
1.813 
1.83 
1.75 
1.75 
1.66 
1.66 
1.66 
1.66 
1.66 
1.66 
1.66 
1.58 
1.58 
1.50 


5. 
4. 
4. 


2. 
2. 
2. 


7.66 
6.65 
6.40 
65 
90 
06 
:3.98 
3.81 
:3.48 
3.40 
3.15 
2.98 
90 
56 
81 
3.15 
8.40 
3.65 
3.98 
4.98 
6.06 
6.56 
31 

m 

81 
3.98 
8.90 
3.65 
3.31 
8.40 


5. 
4. 

4. 
3. 


1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.66 
2.25 
2.25 
2.25 
:il6 
3.66 
4.08 
4.33 
4.41 
4.25 
3.83 
:3.41 
3.33 
3.33 
3.66 
4.:33 
5.68 
6.50 
7.16 
6.50 
6.00 
5.50 


8.65 
8.90 
4.28 
4.23 
3.98 
4.90 
5.23 
4.78 
3.98 
3.56 
4.31 
5.40 
4.65 
:3.90 
:3.23 
2.90 
2.65 
2.81 
2.81 
2.56 
2.56 
2.65 
2.56 
2.56 
2.73 
2.48 

2.:3i 

2.06 
1.98 
1.81 


7.38 
6.00 
5.16 
4  66 
4.08 
4.41 
4.66 
5.33 
5.33 
4.33 
3.83 
3.16 
3.25 
3.25 
2.75 
2.76 
2.58 
2.33 
:3.08 
4.60 
5.66 
5.41 
4.33 
3.91 
3.58 
3.16 
3.00 
3.00 
2.83 
3.00 
3.33 


1.90 
1.73 
1.98 
1.90 
1.65 
1.73 
1.73 
2.28 
2.56 
2.56 
4.48 
5.  Oft 
4.40 
8.7:3 
8.2:3 
2.90 
2.m 
2.28 
2.08 
1.98 
2.«3 
1.88 

i.»:3 
2.JI8 

2.13 
1.83 
1.73 
1.68 
1.78 
1.68 
1.63 


Aug.  :  Sept. 


8.60 
8.88 
2.91 
2.66 
2.41 
2.50 
2.91 
4.75 
4.66 
4.08 
:3.66 
3.50 
:^.50 
3.50 
8.00 
3.16 
8.50 
8.83 
8.16 
2.83 
2.58 
2.50 
2.83 
2.41 
33 
16 
16 
25 
16 
91 


2. 

2. 
2. 
2. 
4. 
5. 


9.25 


1.58 

1.68 

1.03 

1.93 

1.88 

1.78  I 

2.08 

2.08 

1.78  ' 

1.68  ' 

1.88  i 

1.63 

1.68 

1.48 

1.3:3 

1.33 

1.28 

1.23 

1.13 

1.18 

1.28 

1.18 

1.28 

1.28 

1.28 

1.68 

2.83 

2.08 

1.88 

1.63 

1.68 


10.29 
8.83 
6.83 
5.66 
5.16 
4.58 
4.00 
3:33 
8.66 
8.83 
:3.50 
:3.50 
3.50 
:3.33 
8.50 
3.16 
2.83 
2.88 
8.16 
3.33 
3.00 
2.83 
2.66 
2.60 
2.41 
2.3:3 
2.16 
2.08 
1.83 
1.83 


1.48 
1.28 
1.23 
1.23 
1.18 
1.13 
1.08 
.98 
US 
18 
18 
18 
1.13 
l.(J8 
1.38 
1.58 
1.98 
2.18 
1.78 
1.78 
1.6:3 
1.4:3 
1..33 
1,18 
1.18 
1.08 
1.08 
1.13 
1.63 
1.73 


Oct. 


1.75 
1.75 
1.75 
1.58 
1.58 
1.50 
1.41 
1.8:3 
2.66 
5.00 
10.66 
11.25 
11.08 
9.25 
7.8:3 
5.91 


5. 
4. 
5. 


16 
.88 
33 
6.50 
6.  .58 
6.16 
5.60 
4.88 
4.41 
8.06 
3.75 
3.66 
5.30 
3.33 
8.16 


1.78 
1.68 
1.5*3 
1.78 
1.98 
1.78 
1.58 
1.48 
1.38 


1. 
1. 
1. 
1. 


.23 
18 
23 
23 
1.2:3 
1.38 
2.98 
2.73 
2.38 
13 
,  00 
73 
88 
93 


2. 

1. 
1. 
1. 
2. 


3.76 
4.06 
:3.58 
3.(B 
2.68 
2.53 
2.48 
2.28 


I 


Nov. 

Dec. 

:3.16 

2.50 

3.08 

2.41 

3.00 

8.:33 

2.83 

2.16 

2.83 

2.08 

2.66 

2.(N) 

2.  .58 

2.00 

2.50 

2.U) 

2.50 

2.33 

2.41 

2.16 

2.41 

1.91 

2.41 

1.01 

2.41 

l.OI 

2.3:3 

2.  a) 

2.83 

l.CW 

2.33 

1.00 

2.33 

1.00 

2.60 

1.33 

8.66 

3.16 

8.25 

4.00 

6.60 

5.66 

6.16 

5.58 

4.66 

5.58 

4.33 

4. 58 

4.a) 

4.41 

8.75 

A.W 

8.83 

8.  .50 

2.60 

8.08 

2.50 

2.91 

2.60 

2.06 

2.08 

2.08 

1.79 

1.08 

1.54 

1.88 

1.44 

1.78 

1.24 

1.68 

1.29 

1.64 

.94 

1.60 

1.29 

1.54 

1.00 

1.54 

1.24 

1.49 

1.19 

1.59 

.84 

1.54 

.94 

1.69 

1.69 

1.69 

1.44 

1.64 

1.49 

1.59 

1.39 

1.54 

1.30 

1.49 

i.w 

1.59 

1..5II 

1.59 

i.:*} 

1.49 

1.40 

1.54 

1.4(1 

1.5» 

1.50 

l.b9 

1.0» 

1.69 

1.  0 » 

1.79  1 

l.»0 

1.89 

1.8H 

1.84 

1.911 

1.74 

2.10 

1.84 

9.44) 

8.40 

a  From  January  1  to  July  17,  inclusive,  gage  readings  were  taken  at  the  pump  houae.  From 
July  18  to  the  end  of  the  year  the  readings  were  taken  at  the  WaluTit  Street  Bridge.  Beginning 
witn  April  1  the  readings  at  the  pump  house  were  too  high  by  0.6  toot,  owing  to  the  fact  that  a 
cofferdam  was  built  just  below  the  Intake.  This  correction  has  been  applied;  therefore  the  gage 
readings  for  the  complete  year  are  referred  to  the  low-water  datum  01 1808. 

fr  River  frozen  over  at  5  a.  m. 

<*  Several  ice  gorges  existed  both  above  and  below  Harrisburg  from  January  24  to  March  13. 
These  caused  the  Musking  up  of  the  water,  thus  increasing  the  gage  height. 


1 

1 

t 

i 

. 

- 

ement 

s  mad4 

• 

)  1 

1 
• 

1 

1 

n  of  c 

urve  al 

»o 

n  for 

(  X  in 
sroduc 

1 
111 

r    HARRISBI 


HOTT    AND 
▲NDERMt»N._ 

FLOW 

OF   SUSQUEHANNA    AT 

HARRISBURG. 

Hi 

Rating 

table  for  S 

uitijnehan 

Ga^ 
be;ght. 

na  River  at  Harrishurg,  Pa. ,  from  1S9. 
Dtoeharge.      ^^^      Diac-h^nte.      ^^ 
Second-feet:       Feet.       Senmd-feei.       Feet. 

t  to  1904, 

I 

height.  ' 

Discharge. 
Second-feet. 

! 
Discharge.  ^ 

Feet. 

Feet. 

Second-feet. 

'   -0.05 

2,330 

2.4 

16, 950 

5.8 

65, 000 

12.0 

174, 500 

^0.0 

2,440 

2.5 

17,960 

6.0 

68,400 

12.5 

183.600    ' 

.1 

2,710 

2.6 

19,010 

6.2 

71,900 

13.0 

193,000     1 

.2 

3,000 

2.7 

20,100 

6.4 

75, 500 

.     13.5 

202, 500 

.3 

3,330 

'      2.8 

21,210 

6.6 

79,200 

14.0 

212,000 

.4 

3,680 

2.9 

22,340 

6.8 

82,900 

14.5 

221,300 

.5 

4,070 

3.0 

23,480 

7.0 

86, 500 

15. 0 

231,000 

.6 

4,500 

3.1 

1 

24,620 

7.2 

90,000 

1     15.5 

242,300 

.7 

4,980 

3.2 

25,760 

7.4 

93,400 

16.0 

254, 500 

.8 

5, 500 

,      3.3 

26,910 

7.6 

96,700 

1     16.5 

267,400 

.9 

6,020 

i      3.4 

28, 130 

7.8 

100,100 

17.0 

280,400 

1.0 

6,550 

3.5 

29,430 

8.0 

103. 500 

!     17.5 

293, 600 

1.1 

7,090 

3.6 

30,800 

8.2 

106,900 

1     18.0 

306, 700 

1.2 

7,650 

3.7 

32,200 

8.4 

110,300 

19.0 

334,500 

1.3 

8,240 

3.8 

33,600 

8.6 

113,800 

20.0 

363,100 

1.4 

8,850 

3.9 

35,000 

8.8 

117,300 

21.0 

392, 600 

1.5 

9,520 

4.0 

36,400 

1 

9.0 

120,800 

22.0 

423, 100 

1.6 

10,200 

4.2 

39,200 

9.2 

124,300 

23.0 

454,600 

1.7 

10, 930 

4.4 

42,200 

9.4 

127,800 

,     24.0 

487,000     ; 

1.8 

11,700 

4.6 

45,400 

9.6 

131,400 

'     25.0 

520, 200 

1.9 

12,500 

4.8 

48,600 

9.8 

134,900 

,     26.0 

554, 400 

2.0 

13,300 

5.0 

51,900 

10.0 

138,400 

27.0 

589,400 

2.1 

14,160 

5.2 

55, 100 

10. 5 

147, 200 

1 
1 

2.2 

15,050 

5.4 

1 

68,400 

11.0 

156, 300 

■ 

2.3 

15, 980 

5. 6 

61,700 

11.5 

165, 300 

1 

116  HYDROOTIAPHY    OK   8IT9QUEHANNA    BASIN.  Iso.  loa. 

Mean  dtiily  dimhnrgi-.  in  an-inidrfeet,  of  Siisqttehaiimi  River  at  Harrixburg.  Pa., 

1S91-I904. 

Day.        I  Jan.  ]  Feb.  |  Mar.  I  Apr,  j  Us  Joly.  \  Aug.    Sept. '  Oft.  !  Nov.     Dec. 


15.S10 

12.  iiri' 

1S,SI« 

14  J  m) 


w,»n  %,»» 


)|    B,sa) 


1K.51(H 

iri.niii, 
14.  ]fti 
13.  »u 


,. .... —  io.a«i 


miiii  ss.isn,  I 

»»  4H,4i»l    I 

»mI I  u 


i  IB.  1)10 

I  i3.a« 

H  IB.SIO 

H  KM*} 


KLOW    <IF   Sl'SQI'KHANNA    AT    HARRISHUKd. 


Feb.     Mkf.    Apr.    JtMj.  i  Juntv   July,  |  Aug.    Kr]> 


iu,uuati.«>i  ».iMi 

lit,  au  174,  Ml  l»,4MI 

DB.snoiaH.itnj  23.4nu 
io,ajO.]U7,Hun,  :!i.iTU 
:»>.M0;  a6,»n  e.asu 
£;,Mioi  Ti,aii  u.Diu 
1U,3W  w.om  T.WO 
ys,Hn'  si,»i(i  A.MU 
Be,4cn  47.ai>  4,100 
IA,9>I  4S.4IIU  l3.aH 

la.am  w.wn  u.sm 
iB,uiuii^,ini:  t.iiii 

»,«■)  iiH.aii    1,31(1 


»7,iiaa  fiii.aii  iH.an 

v^.tno  4:).Hii  is.bio 

n,ijiu  4i,4<v  K.SHO 

le.aiu  »t.5ii>  a>.ii5i) 

M.'MO  36.im  r.MU 


HYDROGRAPHY    OP"    SUSQUEHANNA    BASIN. 
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l«,SOO 

Kim 
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•,uo 
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0,MO 
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FLOW    OF    SUSQUEHANNA    AT    HARBIBBUBO. 


River  at  Harritbuiy,  Pa„ 


IBB  109—06 — e 


HTDBOOBAPBT    OF   SUSQUEHANNA    BASIN. 


Mean  ilaily  discharge,  i 


Jul.     Feb.     Hnr.    Apr.     Hay.  ]  Jane. ! 


Aug.    Bept.     Oct.  I  Not 


Ol  ai.lSO  17,880 

II  M.saii  19,01u' 

()  U.m\  IT. Ml 

(I,  28.1ail:  17 

n  «i.\m  17 

n  £5.1)111  10 

II  les.'Mi  u 


IS.  5.1,11 


J]        FLOW    OF   8U8QXJEHAKNA    AT   HABRI8BURO. 


122  HTDBOOBAPHY    OF   SUSQUEHANNA   BASIN. 

Mean  daily  diicharge,  ti 


«  gortre"  during  Jknaarf,  Febnunr,  tmi  Hnrcb  maire  It  Impoasllile  to  aeUnute  dj 
irgu  for  DBoember  BO  mod  HI  rednced  to  40  per  cent  on  acconnt  ot  ice  gorge. 


HOTT    AND 
ANDERSON 
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Estimated  monthly  discharge  of  Susquehanna  Rit^r  at  Harrisburg,  Pa,^  IS9J-t9()4, 

[DrmiDHge  area ,  904,(0)  aquaro  iiiile«.  ] 


Montli. 


1891. 


Dlflcharge  In  aeoond-f eet. 


Run^off. 


Maximum. 


Beoond-feet 
'  ■     mil©. 


Depth  In 
incben. 


185,800 
834,500 


January 

February 

March I    156,300 

April '     120.800 

May 30,800 


June 

Jnly 

Angnst 

September 
October  . . . 
November. 
December. 


The  year 


1892. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December . 


71,000 
41,400 
79,200 
46,200 
46,200 
75,500 
129,600 


195, 

49, 

193, 

224, 

118, 

las, 

46, 
88, 
22, 
8, 
30, 
39, 


800 
400 
000 
200 
200 
600 
200 
500 
340 
850 
800 
900 


The  year 


224,200 


124 


HYDROaRAPHY   OF   SUSQUEHANNA    BASIN. 


[NO.  109. 


Estiitvated  monthly  discharge  of  Susqtiehanna  RHht  at  Harrittburg,  Pa,,  IS91- 

1904 — Continued. 


Month. 


1898. 

21,770 
167, 100 
223,200 
154, 400 
267, 400 
31,500 
16,460 
24,620 
42,200 
57,500 
31,500 
December ,    118,200 


January  .. 
February  . 

March 

April 

May  - : 

June 

July 

August  --- 
September 
October  . . . 
Novemlier . 


Discharge  in  second-feet. 


Mazlmnm. 


The  year 


1894. 


January  . . 
February  . 

March 

April 

May 

June   

July 

August 

September 
(October . . . 
November 
December . 


The  year 


Minimum.  ,     Mean. 


267,400 

55,900 

68, 400 

177, 100 

136, 600 

543,500 

132,300 

19,010 

10,560  ! 

62,500  t 

61,700 

97, 600 

74,600 


548, 500 


13,300 

19,550 

17,960 

54, 300 

31,500 

10,200 

6,020 

3,500 

9,520 

7,940 

10,200 

13,300 


3, 500 


16, 950 

13,800 

25,190 

20,650 

16,460 

16,950 

6, 550 

3, 680 

3. 500 

7,940 

17,960 

16,460 

3,500 


Rnn-off. 


Second-feet,  rk^„*v  «„ 
per  square  I  ^P?*° 
mile  '>^<^*^- 


15,515 
55, 585 
93, 257 
103,387 
91,090 
18,627 
10,224  i 
5,680  ! 
18, 785 
18,638 
15,425 
40.382 


0.646 

0.745 

2.813 

2.409 

8.881 

4.474 

4.802 

4.800 

3.791 

4.371 

.775 

.865 

.425 

.490 

.236 

.272 

.782 

.872 

.776 

.895 

.642 

.716 

1.681 

1.938 

27,018 
31,545  ! 
69,791  I 
65.407 


89, 967 


1.124 
1.313 
2.904 
2.722 


94, 621 

8.938 

49,839 

2.074 

10, 050 

.418 

6.626 

.276 

17,381 

.719 

25,888 

1.077 

46,345 

1.929 

35, 195 

1.465 

1.688  ,    22.847 


1.296 

1.367 

3.348 

3.aS7 

4.540 

2.314 

.482 

.31H 

.802 

1.242 

2.152 

1.689 


1.668       22.587 


rNDMsoN.]        KLOW   OF   SUSqiTEHANNA    AT    HARRISBURO. 
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Estimated  monthly  discharge  of  Susquehanna  River  at  Harritburg,  Pa.,  1891- 

19(^4 — Continned . 


Month. 


1805. 

JaDnary 

Febmary 

March 

April 

May 

June. 

July 

Au^^st 

September. 

October 

November 

December 

The  year.- 

1896. 

Janoary 

FelHToary 

March 

April 

May 

June- 

July 

August 

September  _ 

October 

November.  _ 

December 

The  year . . 


Discluurge  in  aecond-feet. 


Maximnm.    Minimnm. 


205, 400 


112,000 

86,500  . 

147,200 

205,400 

41,400 

29,430 

22,340 

8,540 

10,200 

4,500 

21,770 

62,500 


136,600 

188,600 

183, 600 

223,200 

23,480 

47, 800 

41,400 

46,200 

7,370 

129, 600 

140,100 

39,900 


223,200 


23,480 

21,770 

51,900 

29,430 

15,510 

5,240 

8,680 

3,500 

3,680 

2,570 

3,000 

5,240 


Mean. 


23, 480 

16,460 

16,460 

26,330 

7,370 

8, 850 

10, 200 

3,500 

3,160 

9,520 

12,100 

8,540 


3,160 


50,123 

53, 531 

79, 655 

84, 858 

25,048 

10,868 

9,370 

5,263 

5,211 

3,306 

6,108 

18,594 


Rnn-oif. 


Recond-feet 

p<>r  Honart* 

mile. 


2, 570       29, 328 


52, 586 
52, 478 
64, 346 
88, 502 
.  12,637 
19,216 
15, 195 
14, 499 
4,153 
34, 463 
35,476 
21,577 


34,594 


2.086 

2.228 

3.315 

3.581 

1.042 

.452 

.390 

.219 

.217 

.138 

.254 


'"74 


J  f 


1.220 


2.188 

2.184 

2.678 

3.683 

.526 

.800 

.632 

.603 

.173 

1.434 

1.476 

.898 


1.439 


Depth  in 
lncbf«. 


2.405 

2.320 

8.822 

3.940 

1.201 

.504 

.450 

.252 

.242 

.159 

.288 

.892 


16. 470 

2.528 

2.355 

3.087 

4.109 

.606 

.893 

.729 

.695 

.193 

1.653 

1.647 

1.035 


19. 525 
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Estimated  monthly  discharge  of  Stisquehanva  River  at  Harrisburg,  Pa,,  1891- 

i^^— Contixinedt 


Montb. 


1897. 

January 

Febmary  

March 

April 

May 

June 

Jnly 

AnguBt 

September 

October 

November 

December 

The  year . . 

1898. 

January 

February 

March 

April 

May 

June  - 

July 

August  - - 

September 

October 

November 

December 

The  year.- 


Diachargre  in  seoond-feet. 


Maximnm. 


81,500 

9,520 

101,800 

23,480 

165, 300 

26,380 

129,600 

25,190 

101,800 

24,620 

29,430 

9,520 

43,800 

6,550 

41,400 

7, 370 

15,510 

4,070 

11,310 

4,070 

50,200 

4,740 

106,000 

17,960 

165. 800 


147, 200 

106,000 

245. 900 

144,500 

86, 500 

41,400 

14,600 

57, 500 

23,480 

109,400 

116,400 

101,000 


245,000 


Minimum.  '      Mean. 


4,070 


12, 500 

19, 550 

27, 510 

23,480 

86,400 

10, 560 

4,740 

8, 850 

5,240 

4,740 

17,960 

12,500 


4,740 


18,609 
46,302 
88,240 
55,768 
58,844 
17,648 
11,374 
15,208 
6,749 
5,906 
21,592 
46,585 


Bnn-off. 


decond-feet'  tv—,*.!,  i„ 


T 


32, 319 


0.774 

1.927 

3.673 

2.321 

2.241 

.734 

.473 

.633 

.281 

.246 

.899 

1.939 


58,490 
52, 376 
88, 570 
53, 141 
59,310 
19, 979 
7,998 
26,014 
11,288 
32,904 
41,096 
34,733 


1.845 

2.434 

2.199 

3.686 

2.211 

2.468 

.831 

.333 

1.083 

.468 

1.869 

1.710 

1.445 


40,487 


1.686 


0.893 

2.007 

4.233 

2.590 

3.584 

.819 

.545 

.730 

.314 

.384 

1.003 

3.235 


18.246 


2.806 

3.290 

4.250 

3.467 

3.845 

.927 

.384 

1.349 

.522 

1.578 

1.908 

1.666 

33.893 


ROTT    AND 
ANDBBSON. 
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Estimated  monthly  discharge  of  Stwiiiehannn  River  at  Hftrrintmry,  Pa,,  1S91~ 

/.o^^— -Oontinned. 


Month. 


1899. 


Dtocharge  in  aeoond-feet. 


RiinK>ff. 


Maximam. 


103,500 


January 

Febniary 120.800 

March 198,000 

April I  116,400 

May \  54,300 

June.. 19.010 

Jidy. - 11,310 

An^iist - 36,400 

September I  12,100 

October - 7,090 

November I  48,800 

December 82,000 

The  year 193,000 


1900. 

January 174,500 

February    159,000 

March 194,900 

April 92,600 

May- 36,400 

jTine.... - i  19,550 

Jtdy 9,520 

Au^st 9,520 

September    . 7,370 

October 7,940 

November 194,000 

December 93,400 

The  year 


Mtnimnm. 


I 

--      ! 


20,650 

12,500 

41,400 

29,430 

17,960 

6,550 

5,240 

3,680 

4,500 

2, 850 

4,070 

9,520 

2,850 


10,560 

12,100 

23,480 

36,400 

12,500 

7,370 

5,240 

2,a50 

2, 330 

2, 570 

4,070 

18, 300 


Mean. 


i^<)cond-feet 

p4^r  Huoare 

mile. 


44,427 

46,106 

100,920 

66,984 

25, 349 

11,511 

7,820 

7,297 

6, 432 

4, 130 

18, 795 

32, 169 

80, 995 


57,040  ! 
68,816 
67,494  ' 
58,223  ' 
19,250  I 
13,112  , 
7,134 
5,066 
3,721  j 
4,814  ! 
23,489  I 
36,726  ! 


1.849 

1.919 

4.200 

2.788 

1.055 

.479 

.325 

.804 

.268 

.172 

.782 

1.340 


1.290 


2.874 

2.666 

2.809 

2.423 

.801 

.546 

.297 

.211 

.155 

.180 

.977 

1.528 


Depth  in 
in<*heH. 


I 


1.246 


2.132 

1.998 

4.842 

3.111 

1.216 

.534 

.375 

.350 

.  299 

.198 

.872 

1.545 

17.472 


2.737 

2.766 

3.238 

2.703 

.928 

.609 

.342 

.248 

.173 

.208 

1.091 

1.762 


16. 595 
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Estimated  monthly  discharge  of  Susquehanna  River  at  Harridmrgy  Pol,  1891- 

i^.f— Continaed. 


MooCh. 


1901. 

Jantiary 

February _ 

March 

April 

May 

Jnne 

July 

AngpoBt 

September 

October 

November 

December 

The  year  -  _ 

1902. 

Jannary 

Febmary 

March 

April 

May 

Jime 

July 

Angnst 

September 

October 

November 

December 

The  year . . 


Discharge  in  seoond-f eet. 


MftTliTipm. 


39,480 

86,400 

191,100 

204,400 

210, 100 

186,500 

24,620 

120,800 

54,300 

19,550 

58,400 

405,100 


405,100 


138,400 

132, 300 

484,100 

224,200 

21,770 

23, 480 

112,000 

72,800 

54,300 

68,400 

60,000 

186,400 


Minlmmn- 


484,100 


7,870 

11,810 

10,660 

47,800 

28,180 

25,190 

9,520 

7,940 

10,560 

8,850 

6,550 

14,600 


Mean. 


14,088 
20,038 
81,085 
103,968 
68,972 
55,088 
18, 618 
33,266 
22,089 
13, 150 
14,849 
73, 514 


6,550 

18,300 

13,300 

31,500 

20, 650 

10,560 

7,940 

25,190 

7,940 

5,760 

15, 510 

10,560 

16,950 


42,376 


5,760 


37, 012 
47,168 
155,396 
68,132 
15,401 
12,810 
70,209 
26,962 
11,714 
35,656 
20,985 
63, 774 


Ban-off. 


Second-feet 

per  aqoare 

mile. 


47, 102 


0.584 

.834 

3.372 

4.326 

2.662 

2.292 

.568 

1.384 

.919 

.547 

.618 

3.069 


Depth  Id 
inches. 


0.673 

.868 

3.888 

4.827 

8.069 

3.557 

.649 

1.596 

1.025 

.681 

.689 

8.527 


1.788       23.999 


1.540 
1.963 
6.467 
2.835 

.641 

.533 
2.922 
1.122 

.488 
1.484 

.873 
2.654 


1.960 


1.775 
2.044 
7.456 
8.163 

.739 

.595 
8.369 
1.294 

.544 
1.711 

.974 
8.060 


26.724 


1" 
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Estimated  monthly  diacharffe  of  Htuquehanmi  River  at  Harriaburg,  Pa,,  1H91^ 

i90.H-Continiied. 


MooilL 


1908. 


Febmaiy  . 

March 

April    

May 

June 

July 

August  ... 
September 
October  . . . 
November. 
December. 


The  year. . 

1901 

Ja]iiiary<i 

Pebrtiary« 

March  <> 

April  

May 

June 


DtoeliMrge  In  Mooodof est. 


If^Tlmnwi 


194,200 
97,600 
58,400 
Jidy I      52,900 


106,900 

2^,900 

276,600 

188,400 

28,130 

76,710 

79,640 

107,670 

123,500 

138,800 

98,560 

68,750 

276,600 


Minimum. 


AngTiBt  ... 
September 
October  ... 
Kovember 
December. 


16, 270 
14, 870 
87,240 
13,980 
51,120 


The  year 


15. 510 
37,800 
60,000 
29,480 

9,520 

8,190 
14,160 
12,660 
10,410 

7,610 
14,160 

6,680 


MeMi. 


5,680 


27, 030 

18,590 

11,780 

10,420 

7,258 

6,442 

7,538 

9,452 

5,708 


87,766 
98,286 
188,600 
82,716 
14,297 
27,964 
82,681 
26,681 
80,611 
46,160 
27,289 
19,748 


47,528 


80,410 
88,590 
102,000 
74,280 
41,740 
29,320 
18,020 
10,420 

8,657 
16,240 
10,760 

8,448 

82,320 


Beoond-feet 

perauuare 

mile. 


1.678 

8.880 
6.666 
8.442 

.696 
1.168 
1.855 
1.064 
1.270 
1.880 
1.135 

.822 

1.978 


I>epthui 
InohM. 


1.27 
1.61 
4.24 
3.09 
1.74 
1.22 
.760 
.434 
.360 
.634 
.448 
.352 


1.36 


1.812 
4.040 
6.406 
8.840 

.686 
1.298 
1.660 
1.227 
1.417 
2.167 
1.966 

.948 


26.666 


1.47 
1.74 
4.89 
8.46 
2.01 
1.86 
.866 
.500 
.402 
.781 
.500 
.405 


18.32 


a  Owing  to  an  loe  gorge  below  Haarrisburg  the  monthly  mean  for  Jannarv^Pebmary,  and 
March  has  been  eetimatea  by  taking  69  per  cent  of  means  for  McCallB  Ferry.  Practically  open 
oonditfawia  existed  at  the  latter  station  (see  p.  188). 
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SUSQUEHANNA  RIVER  AT  MoCALLS  FERRY,  PA. 

The  McCalls  Ferry  gaging  station  is  located,  as  shown  in  PI.  VUI, 
at  a  narrow  and  rocky  part  of  Susquehanna  River,  about  20  miles 
above  its  mouth  and  1  mile  above  the  village  of  that  name.  It  was 
established  on  May  17, 1902,  by  Boyd  Ehle  while  investigating  a  iK>wer 
development  there.  For  a  considerable  distance  along  this  portion  of 
the  river  the  bank  on  the  York  County  shore  is  the  retaining  wall  of 
an  abandoned  canal  which  can  be  overtopped  only  in  the  greatest 
floods.  The  Lancaster  shore,  on  the  opposite  side,  is  made  np  of 
almost  vertical  rock,  and  the  railroad  which  skirts  it  has  never  yet 
been  flooded  at  this  point. 

The  gaging  section  flrst  selected  for  the  station  is  located  at  Dun- 
cans Run  (A- A,  PL  VIII),  where  two  islands,  Hartman  and  Streepers, 
divide  the  river  into  three  channels,  ranging  in  width  from  100  to  600 
feet.  At  ordinary  low  water,  however,  two  of  these  run  dry,  thus 
confining  the  discharge  to  the  main  or  westernmost  channel.  The 
river  bed  at  the  section  is  composed  of  schistose  rock,  with  some  pro- 
jecting bowlders  and  large  irregularities.  The  flow,  however,  is  com- 
paratively free  from  the  boils  so  common  in  a  river  of  this  character. 

The  discharge  measurements  are  made  from  a  boat  held  in  place 
by  a  rope  stretched  between  the  towpath  and  Streepers  Island,  the 
gaging  points,  10  feet  apart,  being  indicated  by  a  tagged  wire,  which 
is  also  used  for  keeping  the  boat  parallel  to  the  current. 

In  order  to  provide  for  measuring  the  large  floods  which  occur  in 
the  winter  and  springjuonths  a  cable  station  was  established  by  Mr. 
Ehle  in  the  fall  of  1902,  about  1,000  feet  downstream  from  the  Dun- 
cans Run  section  (B-B,  PI.  VIII).  The  banks  of  the  river  and  the 
condition  of  the  river  bed  are  very  similar  to  those  at  the  upper  sec- 
tion, though  the  latter  is  somewhat  more  irregular,  as  shown  by  PI. 
I,  B.  During  the  low-water  period  of  the  fall  of  1902  a  careful  sur- 
vey was  made  of  the  section  at  the  cable  station,  and  a  contour  map 
with  1-foot  intervals  was  prepared  from  which  the  effective  areas 
could  be  accurately  determined,  thus  eliminating  the  error  in  dis- 
charge due  to  possible  inaccuracies  in  soundings  made  at  the  time  of 
the  measurements.  The  width  of  the  stream  at  this  point  is  about 
1,300  feet,  and  the  maximum  depth  during  a  gaging  was  46  feet. 

The  car  cable,  a  f-inch  37-wire  strand,  with  a  span  of  1,450  feet,  is 
anchored  to  3-inch  eyebolts  set  in  cement  in  the  Solid  rock  on  either 
side  of  the  river.  A  2-inch  turn-buckle  is  provided  at  the  York 
County  end  to  regulate  its  height  above  the  water.  A  high  cliff  on 
on(^  shore  and  a  large  red  oak  on  the  other  give  the  cable  a  10-foot 
clearance  over  the  highest  floods  on  record.  The  car  which  runs  on 
the  cable,  as  shown  in  PI.  TX,  /?,  accommodates  two  people,  and  is 
proi>eUed  by  a  ci'auk  turuiug  one  of  the  sheaves. 
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£ighty  feet  apstream  from  the  main  cable  is  suspended  a  $-inch 
secondary  cable,  along  which  runs  a  trolley  carrying  a  guy  rope  to 
hold  the  meter  against  the  current  (PI.  IX,  A).  Measuring  points 
for  this  section  are  50  feet  apart  and  are  indicated  by  red  and  white 
l>aiids  painted  on  the  main  cable,  tlie  interme<liate  distances  being 
readily  estimated  by  counting  the  revolutions  of  the  sheave. 

The  measurenient^  at  lK)th  of  the  above  stations  are  referrecl  to  two 
[permanent  gages,  designated  Nos.  2  and  5.  These  are  paintHMl  on  tlie 
rock  and  give  elevations  directly  HlK)ve  sea  level.  (4age  No.  2  is 
locate  about  three-fourths  of  a  mile  below  the  village  of  McCJalls 
Ferry  in  the  tailrace  of  the  proposed  power  house  and  has  Ikmmi  read 
daily  since  June,  1902.  The  reconls  in  the  following  tables  have 
l)een  referred  to  this  gage.  Gage  No.  5  is  placed  about  2  miles 
l>elow  MeCalls  Ferry,  at  the  foot  of  Cullys  Falls,  and  was  thus  located 
in  order  to  be  entirely  out  of  the  influence  of  the  proposed  dam.  One 
of  the  purposes  of  the  extensive  investigations  carried  on  at  McCalls 
Ferry  was  to  obtain  data  for  determining  the  coefficient  of  discharge 
over  ogee-faced  weirs  under  high  heads,  and  it  is  for  use  in  these 
investigations  that  gage  No.  5  was  established. 

The  methods  used  in  carrying  on  the  work  at  the  McCalls  Ferry 
station  were  practically  the  same  as  those  employed  by  the  United 
States  Gteological  Survey.  Every  effort  was  made  to  eliminate  any 
source  of  error,  and  vertical  velocity  determinations  were  taken  when- 
ever possible.  At  Duncans  Run,  in  order  to  gev  satisfactory  ver- 
tical velocity  curves,  an  80-pound  weight,  with  pulley  and  rope 
attached,  was  dropped  to  the  bottom,  so  that  the  meter  could  be 
pulled  down  without  being  washed  too  far  from  the  section.  When 
the  surface  velocity  or  0.6  method  was  used  the  results  were  reduced 
bj'  coefficients  determined  from  these  vertical  velocity  curves.  At 
the  cable  station  the  secondary  cable  with  the  aid  of  the  guy  rope 
made  it  possible  to  get  vertical  velocity  measurements  at  exception- 
ally great  velocities  and  depths.  A  No.  12  telegraph  wire  was  found 
to  be  more  satisfactory  at  such  times  for  holding  the  meter  than  the 
insulated  cable  ordinarily  used,  as  it  offered  less  resistance  to  the 
current,  would  allow  the  meter  to  sink  deei)er,  and  being  less  bowed 
by  the  water  would  show  more  accurately  its  depth  l>elow  the  sur- 
face. In  this  way  curves  were  obtained  to  depths  of  20  feet  and  in 
currents  of  10  feet  per  second. 

Daring  the  highest  stages,  when  the  velocity  sometimes  reaches  17 
feet  iier  second,  readings  could  only  be  taken  at  the  surface.  These 
results  were,  however,  reduced  by  coefficients  determined  from  the 
vertical  velooity  curves  for  each  measuring  point. 
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Discharge  measurements  of  Stisquehanna  River  at  Duncans  Run  station  above 

McCalls  Ferry,  Pa.,  190i:-1904, 


D»te. 


Hydro^apher. 


1902. 

May  17 
24 

Jnne  9 
28 

JiUy  14 
16 
21 
24 
26 

Sept.  3 
25 

19()8. 
June     5 

1904. 
Sept.  29  I 


Boyd  Ehle 

do    ... 

do    ._. 

do  .... 

do  .... 

do  .  .. 

do  .... 

do    ... 

do  .... 


Gage 
elsnt.<i 


belg 


Fret, 
116.62 

115.88 
115.30 
116.32 
121.90 
120. 12 
117.90 
125.10 
123.82 


do .-      114.82 


do 


R.  H.  Anderson 


114.34 


115.17 


Area  of 
seotion. 


Square, 
feci. 

4, 570 

4,340 

3,990 

4,564 

9,180 

7,400 

6,020 

11,900 

11,000 

3,800 

3,500 

3,850 


Mean  ve-        Dis- 
locity.    ,    charge. 


W.  G.  Steward 114.75       3,717 


Feet  per 
second. 

3.70 

2.93 

2.59 

3.17 

6.00 

5.15 

4.02 

8.01 

,  7.41 

2.14 

1.82 


Searnd- 
feet. 

16,8«0 

12,710 

10.  S^ 

14,440 

55,100 

38,100 

24.200 

95.800 

81,500 

8,130 

6,370 


2.60        lO.CKK) 


216 


7.940 


u  At  gage  Nu.  ^. 


GAGING  CAR  * 


HOIT   AND 
AirOBBSON 
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Dixharge  mefuurements  of  Susquehanna  River  at  cable  station  above  Md'alls 

Ferry,  Pa.,  19()S-19()4. 


Date. 


I90;j. 

Feb. 

10 

Mar. 

8 

4 

5 

6 

7 

12 

18 

25 

27 

28 

Apr. 

3 

9 

16 

18 

22 

25 

May 

4 

14 

28 

June 

5 

17 

1904. 
Mar.     8 
May    11 


Hydniin^pher. 


Oaoe       Are*  of 
hei|cot.«    Hoction. 


R.H.Amlerwm I2;i9() 

do    i:«.9<» 

...do    i:W.60 

do .-  130.00 

do 127.20 

do    125.20 

do    --  124.20 

do - 129.40 

do    123.40 


Square 
feet. 

14,800 
88.  NOO 

80. 8«r» 

19,000 
16.175 
14,780 
22.460 
13, 220 


do 134.  ;10  I  31,220 


do 130.10 

do 127.60 

do 128.80 

do 123.30 

do j  131.50 

do    '  128.80 


do 


122.60 


do I  120.70 


.do 
-do 
.do 
-do 
.do 


B.  H.  Anderson 
do 


117.  a5 

116.50 
115.72 
115.17 
120.00 


28,720 

19,780 

14,060 

13,810 

26,445 

21,:i50 

11,840 

9.400 

5, 870 

4,410 

4,120 

2,885 

8,180 


146. 6       54, 500 
119.00  .    7,085 


Meanve- 
Iwlty. 


5. 97 
8. 59 
8.28 


7. 55 


6.80 
6.41 
5.77 
7.16 
5.84 
8.75 
7.38 
6.90 
5. 72 
5.75 
7.91 
7.15 
5. 62 
4.96 
4.16 
3.68 
3.19 
3.40 
4.67 


Di»- 
chargt). 


feH. 

'>8o,4()0 
'^290, 550 
'>250, 000 
*174,060 
&129, 300 
^•104, 600 
^a5,800 
'•160,600 

'77,240 

&273, 300 

M75,210 

^^136,400 

''  80. 400 

''76,600 

^209,200 

'452, 500 

ft  66, 600 

'•46,660 

'•24,400 

<^  16, 000 

c 13, 140 

'•9,810 
''88,200 


11.6   ''631,  (KK) 


4.7 


'>34,4(K) 


aAtgageNo.  2. 
frSnnaoe  Tejocitiee. 


e  Multiple  points. 
dSee  page  177. 
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HTDBOOBAPHT    OF   SUBQUEHAIOfA    BASIN. 


[NO.  109. 


Mean  daily  gage  height ^  in  feet,  of  Sxisqueluinna  River  at  MeCaUs  Ferry ^Pa^^  for 

190g'1904. 


Day. 

Jan. 

Feb. 

■ 

Mar. 

Apr. 

May. 

I-. 

l»ti. 

2               

H 

July. 


Aug.    Sept 


4. 
5. 
«. 

t  . 

8. 

9. 
10. 
11. 
12. 
Mi. 
14. 
15. 
1«. 
17. 
18. 
19- 
20. 
21. 
22. 
23. 
24. 


116. 
116. 
115. 
115. 
115. 
115. 
115. 
116. 
116. 
116. 
116. 
115. 
115. 
115. 
116. 
116. 
116. 
116. 
116. 
116. 
116. 
116. 
116. 
116. 


15'  117.50 
15 

80| 
80| 


80 

:« 

25 
20 

20 

m 

65{ 
60 
60! 
70i 
20 
20 

80' 
46 
ft5 
60, 
35' 
30 
15 


25 

115.95 

26 

116.15 

j{7     

116.40 

28 

. 116.66 

29 

116.75 

80 

1  116.95 

31 

1903. 
1 

120.10 

4 

119.50 

3 

121. :«) 

4     

122. 10 

5 

122. 70 

H.. 

122.90 

J_, _. 

123. 1(> 

8 

122. ;« 
121.10 

(") 

9 

10 

11 

12 1 

LS 1 

14 

(f>) 

15 

16 

17 

118.46 
118.70 
119.00 

18 

19. 

20  

21     - 

119.50 

22    

23 

119.80, 
120.00 

24 

120.10 
119.60 
119.30 
119.20 
119.50 
120.40 
121.10 

25 

26 

27 

28 

29 

30 

m 

128.  TOi 

131.00 
129.20 
126.80^ 
12f;.60 
131.50 
133. 10 
1JJ1.20 
128.70 
125.60 
124. 00| 
122.90] 
122.80' 
123.00 
123.  .30 
123.60 
124.50 
124.90 
124.50 

m'M 

119.301 
119. 10" 
118. 70 
119.50 
120.60 
120.40 
120.50 
122.80 


132.80 
i:».00| 
1 3:^.60 
129.90 
127.00, 
125.20' 
124.20 
124. 3t) 
124.70 
127.10 
131.00 
129.70 


10 

:^o 


120.40 
127.50 
125.30, 
124. 20 
123. 30 
122.70 
122.00 
121.70 
121.80 
122.60 
126. 8f) 
i:«.  10 
192.80, 
129.80 
127.  a) 
125.20 
123.90 
128. 50i 


123.10 
123.40 
123.80 
12:1 40 
122.  (JO 
122.111 
122 

\2ii.H) 
12:180 
124.  (K) 
123.50 
123.00 
123.00 


131.70 
129.50 
128.60 
124.80 
12:1 60 
122.60 
121.80 
121.10 
120.50 
120. 10 
119.801 
119.50' 
119. 10 


118,60 
118.20 
118.00 
117.80 
117.75. 
117.60 
117.50, 
117.30 
117.10, 
II7.OOI 
116.90 
116.e«J| 
116. 55' 
116.50 
116.25 
118.20 
116.15 
116.05 
115.951 
115.95' 
95 
K> 

«>, 
85 
H5, 


laj. 

123. 
123. 
124. 
123. 
123. 
125. 
124. 
122. 
122. 
122. 
121. 
120. 
120. 
119. 
118. 
118. 
117. 
117. 
117. 
122. 

i24." 
123. 
124. 
123. 
122. 
121. 
122. 


115. 

115. 

115. 

115. 

115. 

115. 

115.80! 

115.80 


115 

xm 


i 


115..V) 
11 5.  .50 
115.40 
115. :«) 
115.20 
115. 10 
115.10 
115.50 
115.  m 
116.20 
116.90 
117.46 
117.50 
118.:*) 
119.60 
119.50 
120.00 
119.70 
119.15 
118.75 
118.f«>; 
118.401 
118. 10 
118.50 

121"  .'80 
123.60 
123.00 
122.30, 
1^.40^ 


70| 
10 
15 
30 
55 
55i 
60 
60 
90 
10 
50 
85 
80 
20 
30 
65' 
20' 
80i 
90 
30 
85 

06 
86 
70 
86 
20 
90 
60 


123.00 
122.30 
119.90 
119.40 
120. 10 
130.00 
119.80 
121.  (« 
120.80 
120.00 

119.  a) 
118.70 
118.8.5 
118.  .50 
118.00 
117.501 
117.20! 
117.16 
119.50, 

120.  eol 

121.80' 
120. 60[ 
120. 00 
119.50 
118.95 
118. 10 
117.85 
118.2(1 
117.80 
117.501 
118.  OOi 


122.10 

121.70 

121.60 

122.20 

122.00 

121.20 

120.60 

119.40 

118.85 

118.50 

118.90 

119.00 

118 

118 

117 

117 

117 


70 
10 
76 
50 

20 


76! 


116.95 

116. 70 

116.  a) 

116.20 

116.00 

1L5.8« 

115 

115 

115. 70 

115.55 

116.40 

116.30 

116.20 

116.00 


118.00 

117.70 

117.50 

117.20 

117.10 

117.10 

118.  a) 

119. 70 

119.90 

119.60 

119.00 

118.60 

118.10 

118.00 

117.65 

117.90 

117 

118 

117 

117 

117 

116.80 

116.601 

ii7.oa 

117.:*) 
116.95 
116.70 
117.80 
121.80 
122. 4rt 
124. 20I 


,90 
{%) 
70 
40 
10 


Oct.  j  Nov. 


114.90 
114.90 
114.80 
114.  a5 
114.80 
114.60 
114.56 
114.60 
114.60 
114.65' 
114.55 
114.66 
114.80 
114.76, 
114  75 
114. 70 
114.65; 
114.651 
114.56! 
114.601 
114.40 
114.50 
114. 40j 
114. :» 
114.35 
114.60' 
118. 55; 
121.00 
120.00 
119.85 


120.60 
122.60 
122.70 
122.10 
121.60 
121.40 
121.30 
120.90 
120.00 
119.50 
118.80 
119.20 
121.40 
121.00 
120.60, 
119.60, 
II9.OOI 

iis.TO 

118.20 
117.80 
117.50 
117.20 
116.90 
117.00 
117.00, 
116.90' 
117.10 
118. 70. 
122.  (« 


Deo. 


122. 10> 
121.301 
120.10 

119.  eir 

119.01)1 

118.501 

118.20 

118.00. 

117.8ft 

117..T6 

117.40 

117.10 

117.00 

116.90 

116.70 

116.60 

116.50 

116.4a 

116.35 

116. :«) 

116.20 

116.10 

116.00 

11.5.95 

116.W 

116.20 

116.85 

■ii7.'i5. 

117.16 


117.15 
117.41) 
lis.  4.^ 
119.25 
119.  »9> 
1 19.  4*) 
119.  ♦!> 
119.10 
119.  H' 


llKlii 
119  .-jn 

ian.ii» 
119.  :*» 

119.  4<» 

123.  U) 
lafi  :i'* 

125.  K.-) 
185.UI 
124.. "W* 
127.  e5 

i:«..'wi 

131. 6i> 
129.95 

126.  .V> 
124  :« J 
122. 91 ' 
122. :«' 
121. "» 
13)  «• 


127.00 
124.80 
12!).  20 
122.00 
121.00 
120.00 
119.60 
119.00 
118.70 
118. 75I 
118. 75 
118.50 
118.75, 
118.60' 
118.55 
118.00 
117.95 
118.00 
118.05 
118.50 
118.00 
117.60 
117.40' 
117.10 
116.90 
116.60 
116.30 
116. 2O1 
116.00 
116.90 


115.75 
115.75 
115.50 
115.40, 
115.40 
115. 40 
115.60 
116. 10 
116.70) 
120.801 
127.80; 
120.201 
128.50 
126.40 
123.80" 
122.00 
120.90 
120.80 
121.10 
122.60 
123.10 
122.30 
121.30 
120.50 
119.80 
119.60 
119.00, 
118.70 
118.40 
118.10 
118.00. 


,00 
.05 
.00 


117.80, 

117.75 

117.80; 

117.60; 

117.40' 

117.26 

117.10 

116.95 

117.00 

117 

117 

117, 

116.85 

116.60, 

116.50 

116.40 

116.70 

116.80, 

125.60: 

125.  (n 

\2i^.  101 

121.60 

120.40 

119.  to; 

119.3f)! 
118.80, 
118.50 
118.20' 
117.70. 
117.30! 


117-H' 
11«.«» 
116.  ti) 
116.  :*i 
116.  .*^) 
116.80 
116.  H!) 
116.60 
116.  riO 
116.  rt) 

116.  :f» 

116.11) 
116.60 
116.(1) 
115.r)0 

115  :«) 
115.(1) 
114  7(1 
11.5.(1) 

116  (■! 

lis  .14) 

llH.tti 
119.70 
120.  lO 
119.71) 
119.40 
118.44) 

117.  TO 
117.51) 
117.  Kl 
U6.9I1 


a  Blush  ice  filled  in  above  s»ge. 

frBiver  frosen  over  at  neck  and  foot  of  Glollys  Falia. 


HOYT  AND 
AN'OERSON 


*^VJ     FLOW   OF   SUSQUEHANNA    AT    M\'ALLS    FKRRY. 
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Mean  daiiy  gage  height,  in  feet,  of  Smuiueha  nut  Hiver  at  Mc(  *at(s  Ferry,  Pa, ,  for 

190J-rj<f4—Cont\imei\ . 


Day. 


Jan.     Feb.     Mar.  |  Apr.  ;  May,    Jnno.  Jaly.    Auk-    Kept.    iH't.     Nov.  i  D«c 


4. 

5 

6 


1904. 

116.6 

ll«.3 

I15.» 

nll5.H 

llft.O 

116.5 

im.9 

...    115.8 

1 15. 5 

116.5 

11 116.0 

12  116.8 

13 1  117.1 

14 117.8 

U 117.3 

1« 117.4 

17 '  117.0 

IK 116.6 

19 116.4 

a) J  116.0 

21 '  116.0 


4 

9. 

10. 


a. 

&. 

24. 

25. 

26 

27 

2H 

29. 

ao. 

31. 


117.4 
122.3 
«^120.7 
129.3 
126.8 
124.0 
123.0 
122.3 
121.4 
120.5 


3 
,0 


120.0 

119.0 

UK  5 

117.9 

117 

117 

11M.5 

119.4 

121.5 

125.0 

125.7 

124.3 

122,7 

121 

121 

120 

119 

118.6 

118.0 

117.8 

118.0 

120.0 

120.9 

120.1 

120.7 

120.7 

120.3 

119.8 

119.0 


120.0 
121.0 
122.0 
122.9 

128.0 
126.4 
M46.6 
130.2 
130.4 
130.9 
126.  H 
124.9 
123.6 
122.3 
121.5 
121.1 
120.7 
120.9 
121.0 
121.6 
122.6 
123.0 
12:19 
128.3 
130.0 
131.6 
132.9 
130.7 
128.9 
125.3 


123.9 
129.2 
132.6 
180.0 
127.0 
125.0 
123.9 
123.1 
123.2 
12:14 
124.6 
127.3 
125.9 
124.4 
12:16 
122.6 
121.9 
121.6 
121.0 
120.6 
120.2 
120.1 
119.9 
119.6 
119.3 
119.2 
119.3 
119.7 
121.0 
122.1 


126.2 

124.4 

12:13 

122.5 

121.5 

120.9 

120.0 

119.8 

119.5 

119.3 

119.0 

118.6 

118.3 

118.3 

118.2 

119.0 

119 

119 

120 

121 

122 

123 

12K.8 

121.0 

120.6 

119.9 

120.2 

119.9 

119.6 

119.0 

119.6 


a  Entire  river  covered  with  14  to  18  inch  ic«. 
^Ice  moved  2  p.m. 

e  Ice  broke  and  went  out  of  deep8  at  5.80  p. 
and  25th. 


119.4 
119.3 
119.9 
120.4 
120.2 
120.8 
122.3 
121.4 
120.1 
119.9 
119.6 
121.7 
121.0 
119.9 
119.3 
118.5 
118.3 
118.0 
118.0 
117.9 
117.8 
117.2 
118.0 
117.9 
118.0 
117.8 
117.3 
116.9 
116.8 
116.7 


116.8 

116.5 

116.3 

116.0 

116.0 

11H.0 

116.2 

116.5 

117.0 

117 

119 

121 

121 

119 

119 

118.5 

118 

117 

117 

116 

116 

116 

116 

.16 

117 

117 

116.5 

116.3 

116.0 

116.0 

115.9 


115.8 

115.7 

116.0 

116.6 

116.6 

116.4 

116.6 

116.7 

116 

117 

117 

117 

116 

116 

115.7 

115.5 

115.3 

116.2 

115 

115 

115 

115 

115 

115 

115.3 

11.5.4 

115.7 

116.9 

116.6 

116.1 

115.8 


115.5 
115.3 
11.5.1 


115. 
115. 
115. 
115. 
114. 
114. 
114. 
114. 
114. 
115. 
115. 


115.8 

116.1 

116.4 

117.0 

116.8 

116.5 

116.3 

116.0 

115 

115 

115 

114 

114 

114 

114 


8 
6 
2 
9 
8 
6 
8 
115.8 


2 

1 
0 
8 
9 
6 
8 


116. 

116. 

116. 

115. 

115. 

115. 

115. 

11.5.7 

115.6 

115.4 

115.3 

115.4 

115.4 

115.4 


115 

115 

118 

118 

117 

116 

117 

117 

117 

118.7 

119.7 

120.0 

119.3 

118. 5 

117.9 

117.8 

117.6 


9 

7 

6 

,  < 

5 


117.1 

116.9 

116.8 

116.5 

116.3 

116.2 

115 

116 

115 

116 

116 

116.6 

115.6 

115.9 

116.0 

116.0 

115.9 

116.8 

116.7 

116.7 

115.7 

115.6 

115.6 

115.7 

115.7 

115.8 

116.0 

116.3 

115.7 

116.1 


116.0 
115.9 
115.8 
115.5 
115.:^ 
115.3 
116.1 
116.0 
114.8 
114.7 
114.5 
114.4 
114.2 
114.2 
114.4 
116.3 
114.6 
114.6 
114.6 
114.6 
114.6 
114.6 
114.5 
114.8 
116.0 
114.9 
115.0 
115.1 
116.5 
116.2 
123.0 


m.;  183.8  maximum  n*admg  during  night,  24th 


IBK  10»-0&^ 


-10 
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HYDROGRAPHY    OF   SUSQUEHANNA    BA81K. 


[NO.  109. 


Rating  table  for  Siiaquehanna  River  at  McCalls  Ferry,  Pa. ,  for  liH)'^  to  1904. 


Gage 
height. 

Discharge. 

helg^^t. 

Discharge. 
Second-feet. 

Gage 
height. 

1 
Discharge. 

Gage 
height. 

Feet. 

1 

Disi'harge. 

Feet. 

Second-feet. 

Feet. 

Feet. 

Second-feet. 

Second-feet. 

114.0 

5,160 

116.4 

15.610 

120.6 

44,200 

126.0 

112,900 

114.1 

5,500  ' 

116.5 

16, 150 

120.8 

46.100 

126.5 

119.900 

114.2 

5,840 

116.6 

16,690 

121.0 

48, 000 

127.0 

127,000 

114.3 

6,200 

116.7 

17,240 

121.2 

50,000  [ 

127.5 

134,100 

114.4 

6,560 

116.8 

17,800 

121.4 

52, 100 

128.0 

141,100 

114.5 

6,930 

116.9 

18, 360 

121.6 

54,300 

128.5 

148,300 

114.6 

7.810 

117.0 

18, 930 

121.8 

56, 600 

129.0 

155, 300 

114.7 

7,700  ' 

117.2 

20, 120 

122.0 

59, 000 

129.5 

163,400 

114.8 

8,100 

117.4 

21,320 

122.2 

61,500 

130.0 

172,500 

114.9 

8,500 

117.6 

22, 560 

122.4 

64,000 

180.5 

182,800 

115.0 

8,920 

117.8 

23, 820 

122.6 

66, 500 

131.0 

194,100 

115.1 

9,840 

118.0 

25,110 

122.8 

69,000 

131.5 

205,800 

115.2 

9,770 

118.2 

26, 430 

123.0 

1 

71,500  ' 

132. 0 

217,300 

115.3 

10, 210 

118.4 

27, 780 

123.2 

74,000 

132. 5 

228,600 

115.4 

10,660 

118.6 

29,140 

123.4 

1 

76,400 

133. 0 

240,000 

115.5 

11, 120 

118.8 

30, 500 

123.6 

78, 900 

133. 5 

251,200 

115.6 

11,580 

119.0 

31,900 

123.8 

81,500 

134.0 

262,000 

115.7 

12, 060 

119.2 

33, 300 

124.0 

84, 200 

134.5 

278,600 

115.8 

12, 540 

119.4 

34, 700 

124:2 

87, 000 

135.0 

285, 300     1 

115.9 

13,040 

119.6 

36, 100 

124.4 

89, 900 

135.5 

297, 200     • 

116.0 

18, 540 

119.8 

37, 500 

124.6 

92.800  1 

136.0 

309, 300     , 

116.1 

14,040 

120.0 

1 

39, 100 

124.8 

95,700 

1 

116.2 

14, 560 

;   120. 2 

40,700 

125.0 

98, 600 

1 

1 

116.8 

15, 080 

120.4 

42,400 

125.5 

105,900 

1 

I 

ATER-SURPLY  PAPER  Na  109    PL.  X 


oacf 


3.H.  iac-<y-imVc»'332 
wholecujnre(y-i«i)*-a.c 


/BR    AT    McCALLS 


s 


]     FLOW   OF   SUSQUEHANNA    AT    m'cALLS    FERRY. 


HTUROGBAPHY    OK   SUBQITEeANWA    BABIK. 


D»7, 

IHW. 

s:::: "...;:: 

I.W     B.EEH) 

i,ia>    6.«ti 

.£.(m,    R.  Ill) 


e.  fni.nno.    Menu  daily  dlsclurBe  eatii 


a  :tl.7e«  Hquare  miles.] 


Jul 


S,840  ! 


July        .    _ -.      105,  »00 

August 61 ,  51)0 

Seiiteiiibttr 

Octol)er 

November  . 

December 


9,770  ' 
20,720 
8,920 


3r™ 

ftS.'" 

0.519 

0.5«0 

2.  a07 

a.fiw 

1.013 

l.IftH 

67.700 

18.360 

38,248  j 

1.429 

1.649 

60,300 

18,290 

32,657  1 

.846 

.944 

205,800 

19,830 

...m 

2.582 

2.877 

IK 
A 


^pJRso\^J     KI-OW    OV   8USQITKHANNA    AT    m'cALLS    FKRRY. 
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Eativwted  monthly  discharge  of  SnuiiHchmtiia  River  at  Mvi'tilltf  Ferry,  /Vi.. 

nw/  -  i!fo/f-~i  'on  tiniie<l. 


Month. 


1908. 

Janniiry 

February 

March 

April 

May 

Jtme  _ 

July...  

AtLgnst  - 

September 

October 

November 

December 

The  year . . . 

1904. 

January 

February 

March 

April  _ 

May 

June 

July 

August 

September 

October 

November 

December   

The  year . . . 


DiMciuirKt)  ill  wH'ouil-fiM^t. 


Maximum. 


72, 700 

242, 300 

809,800 

210,400 

29, 150 

78,900 

71,500 

87,000 

127,000 

158,400 

107, 300 

43,300 


Miniiuum. 


809,800 


160,000 

108, 700 

300,000 

230, 900 

101,500 

62, 800 

49,000 

21,940 

18, 980 

89, 100 

19, 520 

71,500 


800, 000 


27,780 
29,840 
55, 400 
31,000 
11,580 

9,850 
19,830 
16,690 
13,040 
10,660 
15,610 

7,700 


11,120 

18,980 

89,100 

38, 300 

26, 430 

17,240 

13,040 

9,770 

7,310 

10,210 

11,120 

5,840 


Mean. 


Run-4>tT. 


Seoond-feet 

per  Huuart* 

mile. 


48,583 
95,082 
134, 461 
79,900 
16, 826 
29, 859 
35, 686 
28,206 
34, 188 
48, 757 
30,797 
19, 751 


7,700  I  49,688 


84,170 
43,360 
114,600 
78.400 
46,720 
34, 580 
21,410 
13,880 
11,050 
18,700 
18, 320 
10.890 


5,840 


86,760 


1.626 
3.552- 
5.028 
2.910 

.628 
1.115 
1.331 
1 .  053 
1.277 
1.822 
1.151 

.737 


Depth  in 
inches. 


1.854 


1.280 

1.620 

4.280 

2.930 

1.750 

1.290 

.800 

.519 

.413 

.698 

.498 

.407 


1.877 
3. 698 
5. 791 
3.247 

.724 
1.244 
1.635 
1.214 
1.426 
2.102 
1.284 

.848 

25. 019 

1.480 

1.750 

4.980 

3. 270 

2.020 

1.440 

.922 

.598 

.461 

.805 

.  556 

.469 


1 . 370   18. 700 
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CHEMUNCi   RIVER  AT  CHEMUNG,  N.  Y.<» 

A  gaging  statiou  whh  established  at  the  suspension  bridge  across 
Chemung  River  near  Chemung  station,  September  7,  1903.  Gage 
heights  are  taken  each  morning  and  night,  by  Daniel  L.  Orcott,  by  a 
chain  gage  attached  to  the  bridge.  Current-meter  measurement^^ 
which  have  been  made,  and  the  mean  daily  stage  of  the  stream,  are 
shown  in  the  accompanying  tables.  The  gaging  station  is  located  1 
mile  upstream  from  the  New  York-Pennsylvania  line,  and  is  shown 
on  the  Waverly  sheet  of  the  United  States  Geological  Survey's  topo- 
graphic map  of  the  country. 

Chemung  River  is  formed  at  Painted  Post,  N.  Y.,  by  the  union  of 
Tioga  and  Cohocton  rivers.  The  Cohocton  branch  lies  entirely  in 
the  State  of  New  York.  Tioga  River  receives,  just  above  its  mouth, 
Canisteo  River,  a  large  tributary,  which  also  has  its  drainage  basin 
in  New  York  to  the  south  of  the  Cohocton.  The  drainage  of  Tioga 
River  above  the  Canisteo  is  mainly  in  Pennsylvania.  The  concen- 
tration, just  above  Corning,  of  the  storm  waters  of  these  three  main 
branches  favors  the  formation  of  excessive  floods. 

Chemung  River  flows  southeasterly  through  Corning,  Elmira,  and 
Chemung,  crosses  the  State  line,  flows  for  a  short  distance  in  Penn- 
sylvania, then  returns  to  New  York  and  again  crosses  to  Pennsylva- 
nia near  Waverly,  finally  emptying  into  Susquehanna  River  near 
Athens,  Bradford  County,  Pa.  The  total  length  of  the  stream  is 
about  40  miles,  about  30  miles  of  which  is  in  New  York  State.  Che- 
mung River  is  a  sluggish  stream  with  low  banks  and  a  broad  valley 
or  flood  plain,  which  is  often  overflowed.  It  was  formerly'  paralleled 
by  a  canal  taking  its  supply  from  dams  across  the  stream.  This  has 
been  abandoned  and  at  present  the  largest  water-power  development 
on  the  main  river  is  at  Elmira. 

The  topographic  features  of  the  drainage  basin  are,  as  a  rule,  bold 
and  broad.  The  hills  rise  within  a  short  distance  of  the  stream 
several  hundred  feet  on  either  side,  and  the  upland  plateau  is  to  a 
large  extent  wooded,  with  impervious  soil,  no  lake  storage,  and  few 
marsh  areas.  Tributaries  are  ramifying  and  uniformly  distributed, 
though  not  numerous,  and  dry  gulleys  or  flood  channels  are  common. 
Dikes  have  been  erected  in  the  cities  of  Elmira  and  Corning  for  pro- 
tection against  floods.  One  of  the  highest  recorded  freshets  in  the 
stream  occurred  June  1,  1889.  It  was  preceded  by  phenomenal  rain- 
fall, on  the  night  of  May  31  and  June  1,  aggregating  several  inches 
in  the  course  of  a  few  hours.  The  discharge  has  been  estimated  at 
67  second-feet  per  square  mile  from  2,055  square  miles,  or  138,000 
cubic  feet  per  second.* 

a  Data  on  pagee  140-168,  inclusive,  from  Supplement  of  1906  Report  of  New  York  State  En^neer. 
t>  Report  of  Francis  CoUingwood,  C.  B.,  ou  The  Protection  of  the  City  of  Elmira,  N.  Y.,  against 
FloodH. 


IxoBBi^s.J  KhOW   OF   CHEMUNU    AT   OHKMUNG,    N.    Y. 


141 


Discharge  ineasurevients  of  (Virinung  Rivrr  at  Chemung,  X.  Y. 


Date. 


HydrogTApher. 


1903. 

Augiist27 C.C.Covert- 

September  7 |  R.  E.  Horton 

October2 H.H.Halsey 

October  12.. ,  C.C. Covert. 


1904. 
March  11.... 

April9 

July  15 

September  9. 


C.  C.  Covert . 
R.  £.  Horton 
C.  C.  Covert . 
do 


Discharge. 

Fret. 

Second-feet. 

2.89 

809 

3.29 

1,354 

2.47 

611 

6.72 

8,766 

5.75 

6,170 

6.64 

5,717 

8.05 

1,042 

1.90 

220 
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Mean  daily  gage  height ^  hi  feet,  of  Chemuiig  River  at  Chemung^  N,  Y, 


Day- 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 
July. 

Aufc. 

1 
1 

1 

1 

Sept. 

cvt. 

2.24 

2.40 
2.52 
2.57 
2.74 
a  30 
a  37 
4.62 
9.97 
7.78 

a  80 
a  74 
a  12 

4.97 
4.47 
4.20 
a  92 
7.04 
a  24 
4.90 
4.42 
4.12 
a  87 
4.72 
a  54 

a  44 
a32 
a  30 
a  24 
a  22 
a  18 

2.85 

2.42 

2.22 

2.10 

2.15 

2.18 

1.88 

1.05 

1.90 

1.95 

1.05 

2.10 

2.62 

a65 

a  15 

2.82 

2.70 

2.60  ! 

2.50 

2.45 

2.52 

a  40 

a  40 
a  18 
ao5 

2.85  ! 

2.75 

2.a5 

2.60 

2.45 

2.30 

Nov. 

2. 98 
2.88 

a  88 

2.8:^ 

2.86 
2.90 
a  08 
2.98 
4.93 
2.90 
2.88 
2.86 
2.80 
2.78 
2.68 
2.76 
7.06 

a  13 

5.88 
4.88 
4.26 

a9e 

8.88 

a  83 
a78 
a88 
a  2!) 

a  10 
am 
a  10 

2.40 
2.30 
2.22 
2.20 
2.25 
2.20 
2.20 
2.22 
2.12 
2.18 
2.20 

2.2r> 

2.12 

2.08  1 

2.05 

2.25 

2.15 

2.20 

2.05 

2.  a) 

2.00 

2.00 

2.00  1 

2.02  i 

2.20 

2.16 

2.00 

1.96 

2.10 

1.95 

!>««•. 

1903. 
I 

2.90 

2 

:::::::::: ::!:::  it:::::::: ::::::  :::: 

2-^5^ 

8 

1 

:2.»»< 

4 , 

• 

1 ..... . 

1 

:*.** 

5 1 l::::  ::: : ::: :: :: ::: :::: 

2.«K 

6 

• 

2.39 

7 , 

i  a29 

2.24 
a  19 

a  16 

4.84 
4.56 
a  84 
a  46 
a  22 

a  06 

2.96 

a  44 
a  46 
a  29 

2.99 
2.84 
2.54 
2.34 
2.:J4 
2.29 
2.24 
2.24 
2.22 
2.26 

aas 

8 

«••*•>-.        .-..-a.        .••_-_.        .-__•._. 

2.T9 

9 

2.60 

10 

2.64 

11 

1 ___      

2.49 

12..:: :: :::::::::::::;::;:::: 

1- 

2.49 

13 

1 

2.69 

14 1 

:::::::i:::::::i::::::: 

2.69 

16 

1 :.(.:::::. 

2.69 

16 I 1 

1 

2.74 

17 



1 

1 

2.74 

18 

' 

1 

2.64 

19 

1     2.64 

20 

_. 1-      1            .         - 

1 

'     2.64 

21 

1 

1 1 

2.69 

22 

1 

2.74 

28 

1 

279 

24 

1 

2.79 

25 

1 

. 

2.79 

26 

1 

2.74 

27 

2.69 

28 

1 

254 

29 

2.44 

30 

1 

2.54 

31 

1 

2.64 

1904. 
1 

a  00 

2.95 
2.90 
2.90 
2.90 
2.90 
2.85 
2.90 
aiK) 

a  00 
a  00 
a  00 
a  00 
au) 
a  00 
<^ai5 
a  20 
a  20 
a  20 
a  20 
a;« 
a  50 

<7ll.35 
a9.65 
6.65 
6.30 
4.90 
4.20 
4.22 
4.25 
4.05 

aa85 

a  50 
a  46 
a  35 

4.00 
4.20 
5.90 

al6.70 
8.70 
6.86 
5.85 
6.40 
4.75 
4.22 
a  95 
a  66 

rf4.86 
4.56 

e4.30 
4. 15 
4.00 

/4.12 
4.05 
4.32 
4.12 
4.05 
a  90 
a  37 
a  57 

a  67 
a  37 
a  67 
a  67 

5.72 
4.72 
7.69 
bl5.97 
9.68 
6.48 
5.02 
4.90 
4.50 
4.30 
4.05 

a  88 
a  62 
a  78 
a  92 

6.98 
6.78 
5.20 

no.  90 

11.40 
10.25 

Aia2r) 

11.05 
7.28 
5.95 
5.60 
5.70 

6.50 
9.00 
7.05 
5.75 
5.88 
5.16 
5.20 
6.26 
5.75 
9.65 
7.40 
6.55 
6.75 
5.15 
4.80 
4.80 
4.80 
5.10 
5.10 
4.85 
4.42 
4.65 
4.60 
4.50 
4.65 
4.82 
4.65 
9.10 
a  60 
7.42 

7.20 
6.25 
5.46 
5.02 
4.62 
4.40 
4.18 
4.00 

a  80 
a  70 
a  58 
a  40 
a  38 
a  30 

5.15 
6.76 
5.65 
6.00 
9.45 

a  40 
a  60 

5.40 
4.95 
6.85 
5.25 
4.75 
4.82 
5.40 
4.25 
4.00 
5.a5 

7.05 
5.85 
5.35 
4.85 
7.70 
5.95 
5.10 
4.62 
5.85 
6.15 
4.90 
4.42 
4.00 

a  70 
a  48 

4.05 

a  80 
a42 
a  22 
a  12 
a  02 
a  10 
a  05 
a  05 

2.88 
2.80 
2.70 
2.65 
2.60 
2.60 

2.60 
2.88 
2.70 
2.62 
2.60 
2.68 
2.95 
2.85 
2.72 
2.75 
a  90 
a  68 
a  45 
a  46 

a  02 

2.82 
2.70 
2.62 
2.50 
2.40 
2.30 
2.85 
2.25 
2.72 
2.78 
2.55 
2.60 
2.50 
2.70 
2.80 
2.62 

2.60 
2.42 
2.96 
2.82 
2.70 
2.60 
2.45 
2.35 
2.20 
2.15 
2.20 
2.18 
2.10 
2.08 
2.00 
2.00 
2.00 
1.96 
1.95 
2.05 
2.05 
2.80 
2.75 
2.88 
2.70 
2.45 
2.30 
2.12 
2.10 
2.06 
2.00 

2.00 
2.02 
2.00 
1.05 
2.00 
1.98 
1.92 
1.95 
1.90 
1.90 
1.95 
1.95 
1.96 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.88 
1.80 
1.75 
1.80 
1.82 
2.00 
2.15 
2.88 
2.85 
2.85 
2.35 

2.05 

2 

2.00 

3 

1.90 

4 

1.90 

6 

1.90 

6 

1.90 

7 

l.t« 

8 

1.65 

9 

2  25 

10 

2.10 

11 

12 

LS 

14 

210 
2.10 
2.00 
200 

16 

2.00 

16 

200 

17 

1.90 

18 

1.90 

19 

1.95 

20 

2UU 

21 

210 

22 -.- 

205 

23 

218 

24 

210 

25 

210 

26 

215 

27 

200 

28 

6.40 

29 

5.15 

80 

a  90 

31 

8.80 

"  No  ice. 

''  Water  over  flat»  hig^hest  iwint  17  feet. 
'■  River  freezing  over  below  gage. 
ii  River  frozen  over. 


f  ThicknesB  of  ioe  5  iiushefl. 
/  Thicknees  of  ice  12  inchoH. 
0  Ioe  running. 
h  River  over  the  flatH. 


imvT   AN 

ANDEK80 


.D-1 
N.J 
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Rtitiinj  table  ft^  Chpmung  River  at  Cheuntuff,  A\  V.^fntm  AmjtMt   .*;,  I'jo.i^to 


Gage 
heierht. 

Diwharge. 
Secnnd-firef. 

Uage 
heiffht. 

Pert. 

IiitM'harKo. 
St'cand-feet . 

(4aK»*     * 
height. 

DiiMthfirKe. 

height 

Discharge. 

Feet. 

Feet. 

.Sf(ynid'/eet . 

Feet. 

Second-feet. 

1 .  75 

146 

4.00 

2, 255 

6.  30 

7, 575 

8.60 

14,260 

1.80 

170 

4.10 

2,420 

6.40 

7. 855 

8.70 

14, 560 

1.90 

220 

4.20  . 

2,590 

6. 50 

8, 135 

8.80 

14,860 

2.00 

273 

• 

4.30 

2,765 

6.60 

8,415     ■ 

8.90 

15, 160 

2.10 

328 

4.40 

2,950 

6.70 

8,700 

9.00 

15. 460 

2.20 

385 

4.50 

3,140 

6.  HO 

8, 985 

9.10 

15,760     ■ 

2.30 

445 

4.60 

3,340 

6.90 

9,270 

9.20 

16,060 

2.40 

510 

4.70 

3, 550 

7.00 

9,560 

9.30 

16,360 

2.50 

575 

4.80 

3, 765 

7.10 

9,850 

9.40 

16,660 

2.60 

645 

4.90 

3,990 

7.20 

10, 140 

9. 50 

16,960 

2.70 

720 

5.00 

4,220 

7.30 

10, 430 

9.60 

17,260     ' 

2.80 

800 

5.10 

4, 455 

7.40 

10, 720 

9.70 

1     17,560 

2.90 

890 

5.20 

4,695 

7.50 

11,010 

,     9.80 

17,860 

3.00 

985 

5.30 

4,940 

7.60 

11,300 

9.90 

18,160 

3.10 

1,085 

5.40 

5, 190 

7.70 

11,590 

10.00 

18,460 

3.20 

1,190 

5.50 

5, 445 

7.80 

11,880 

11.00 

2,146 

3.30 

1,300 

5.60 

5, 700 

7.90 

12, 170 

12.00 

1     24,460 

3.40 

1,415 

5.70 

5,960 

8.00 

12,460 

13.00 

27,  Am 

3.50 

1,540 

5.80 

6, 220 

8.10 

12,760 

14.00 

30, 460 

3.60 

1,670 

5.90 

6,485 

:    8.20 

13,060 

15.00 

33,460 

3.70 

1,805 

6.00 

6, 750 

8.30 

13,360 

16.00 

36,460 

3.80 

1,945 

1    6.10 

7,020     ! 

1 

8.40 

13, 660 

1 

3.90 

2,095 

1 

6.20 

7,295 

1 

8.50 

13,960 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based 
upon  8  discharge  measurements  made  during  1903  and  1904.  It  is  fairly  well 
detined  between  gage  heights  1.90  and  3.30  feet.  The  table  has  been  extended 
above  gage  height  6.70  feet.  Above  gage  height  8.0  feet  the  rating  curve  is  a 
tangent,  the  difference  being  300  per  tenth.  The  rating  table  has  been  applied  to 
the  nearest  hundredth  of  a  foot  to  gage  height  6.00,  to  the  nearest  half- tenth  of  a 
foot  to  gage  height  9.00,  to  the  nearest  tenth  of  a  foot  above  gage  height  9.00 
feet. 
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JIfean  daily  ditelutriie.  in  ttcjtid-feef,  of  Chemung  Biivr  at  Chemnng,  N.   Y. 


D.y. 

Jan. 

Fab. 

M.r. 

Apr. 

H.y. 

rnne. 

Juljr. 

Aag. 

Sept. 

Ott. 

Nov. 

872 
2.  OK 

J 

i 

S 

1 

:% 

44fi 

s 

886 

S 
1 

3HS 

ajo 

i 

W4 
BS5 

i 

Dec 

ISOB. 

g 

I       S 

1 

JO 

ISOL 

,S1B 

:i 

.945 
,806 

■i 

1 

Bis 
1 

SiffiB 

I-.S 

s.Ees 

L™ 

MS 

1 
1 

7W 

;S 

,477 

7S0 
BJ5 

446 

417 

s 

eio 

s 

680 

MS 

i 
1 
1 

817 

go 

» 
I 

I 

\ 
I 
I 

I 

1 

817 

i 

» 

i 

i 

e 

|:           1 

ii  i 

HOTT    AND 
AKDSHilON 
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Estimated  motithly  discharge  of  Chemung  River  near  Chemung^  N,  Y,,fnr  liK)S~4, 

[DraifUHft*  area,  2,440  Hciiiam  mlloH.} 


DJacharge  in  Heoond-feei. 


Run-off. 


Month. 


Maximum. 


1908. 
September  7-30. . . 

October 

November 

December _. 


8.855 
18,460 
12,910 

1,791 


1904. 


March  8-31 

April 

May 

Jime 

July 

August 

September 

October 

Noyember 
December. 


Thei)eriod 


86,460 

17,260 

16,660 

85,860 

2,095 

966 

497 

1,782 

510 

7,855 


Minimum. 


397 
409 
705 
586 


1,697 

1,800 
645 
415 
246 
146 
210 
246 
100 


Mean. 


Seoond-feet 

per  Muare 

mfle. 


1,146 
8,981  , 

757 


0.47 

1.63 

.98 

.81 


10,831 

6,645 

4,940 

4,063 

820 

463 

267 

656 

347 

785  i 


4.23 
2.72 
2.02 
1.67 
.336 
.190 
.109 
.269 
.142 
.322 


Depth  in 
inches. 


0.42 

1.88 

1.04 

.86 

8.90 
3.03 
2.83 
1.86 
.387 
.219 
.122 
.310 
.158 
.371 


TIOUGHNIOGA  RIVER  AT  CHENANGO  FORKS,  N.  Y. 

During  the  fall  of  1903  the  gaging  station  was  established  at  this 
point  in  order  to  determine  the  low- water  flow.  Owing  to  the  heavy 
rains  which  occurred  that  fall,  as  shown  by  the  following  table,  the 
stage  of  the  river  did  not  fall  as  low  as  was  expected. 

Rainfall  at  Deruyter,  N,  F.,  190X 


Inches. 

September  1  to  10 0.00 

September  11 96 

September  17  and  18 71 

September  27 40 

October  1  and2 71 

Octobers 99 


Inches. 

OctoberStoll 8.00 

October  16  to  19 1.38 

October  23  to  28 89 

November  5 34 

Novembor  6  to  1 5 .12 


The  measurements  were  made  at  the  highway  bridge  across  the 
river  at  Chenango  Forks.  This  bridge  is  located  straight  across  the 
section  of  the  ohannel  and  affords  an  excellent  opportunity  for 
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gagings,  except  at.  extreme  high  waters.  Gage  readings  were  taken 
during  Octo]>er  and  part  of  November  from  a  staff  gage  f listened  t4» 
the  right- liand  face  of  the  center  pier  of  the  bridge.  The  drainage 
area  of  Tioughnioga  River  above  the  mouth  at  Chenango  Forks, 
including  the  areas  naturally  tributary  to  the  Tioughnioga,  bufe  now 
diverted  to  supply  Erie  Canal  through  the  Erieville  and  Deruyter 
reservoirs  is  735  square  miles. 
The  following  measurements  were  made  at  the  station: 


Date. 


1903. 
September  11 


Hydrographer. 


C.  C.  Covert 


September  30 _   H.  H.  Halsey . 


Di8cbar^> 


99:3 


Mean  daily  gage  height ^  in  feet,  of  Tioughnioga  River  at  Chenango  Forks,  A'   1 


Day. 

1 
Oct.  Nov. 

1   Day. 

Oct. 

4.00 

Nov. 

i 

1 
1.90 

Day. 

Oct. 

Ni)v. 

1. 

1908. 

1.12  ;  2.16 
1.20  1  1.95 
1.45  2.00 
1.22  1.95  i 
1.50  1.90 
2.45  2.06 
1.90  2.00 
2.10  1.96 
1 

1903. 
9 

1903. 
17 

3.40 

2      - 

10 

(a)   1.90  1 

18 

19 

4.50  1 1 

8 



11 

12 

13.. 

14 

15 

(«) 
4..W 
3.15 
2.80 
3.88 
3.35 

•      1       1       1       1       1       1 
1       1       1       I       1       1 

1       1       1       «       1       ■ 

3.&5  

4 

20 

3.10 
2.70 
2.45 
2.45 
2.45 

5 

21 

1 

A 

22 

7 

23 

8 

16 

24 

- 

1 

Day. 


Oct. '  Not. 


1908. 

25 

2« 

27 

28 

29 

30..... 
31 


2.32 
2.30, 
2.20  . 
2.15 
2.25  I 
2.25  ! 
2.30 


n  Above  gfagfe. 


CAYUTA  CREEK  AT  WAVERLY,  N.  Y. 

A  record  of  the  daily  stage  of  Cayuta  Creek  at  the  Ithaca  Street 
Bridge,  a  short  distance  below  the  milldam  in  Waverly,  was  kept  by 
T.  P.  Yates,  covering  the  period  March  1,  1898,  to  Siarch  31,  190l>. 
The  accompanying  tables  show  the  observed  distance  from  the  refer- 
ence point  on  bridge  to  water  surface,  the  mean  of  the  several  read- 
ings being  used  where  more  than  one  daily  observation  was  taken." 
Discharge  measurements  by  means  of  floats  were  also  made  by  Mr. 
Yates. 

Cayuta  Creek  drains  a  long,  narrow  valley  extending  from  eastern 
Schuyler  County  in  a  direction  somewhat  east  of  southerly  a  distance 
of  30  miles,  the  stream  crossing  the  New  York  State  line  at  Waverly 
and  emptying  into  Susquehanna  River  at  Say  re,  Pa.  In  cross  section 
the  valley  consists  of  a  i)lain  about  one-half  mile  wide,  through  which 
the  stream  flows,  bordered  on  both  sides  by  abrupt  slopes  rising  5CK) 
feet  within  a  distance  of  1  or  2  miles  from  the  foot  on  each  side, 


(( Ref er(>uce  point  is  top  iron  hand  rail  at  left-hand  side  second  iruu  ])08t  from  left-Iiand  end  of 
bridge  on  upstream  aide. 


HOTT    AND 
ANDARSON 


fD   1 
N.J 
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beyond  which  lies  a  plateau,  cut  by  the  uuiuei*ouH  8hoi*t  lateral  trib- 
utaries and  their  branches. 

Cayut.a  Lake  drains  an  area  of  ir».5  s^iuare  miles  at  the  head  of  the 
stream.  The  area  of  the  lake  is  0.78  scjuare  mile,  and  this  constitutes 
the  only  storage  in  the  drainage  basin.  The  average  width  of  the 
valley  is  about  0  miles.  The  conditions  favor  rapid  concentration  of 
the  run-oflf  in  the  main  stream,  th(»re  being  no  large  branches.  Maxi- 
mum floods  result,  however,  only  from  rapid  inflow  of  sufficient  dura- 
tion to  enable  the  waters  from  th(»  whole  length  of  the  valley  to  reach 
the  lower  stretcthes  of  the  stream  at  the  same  time.  Cayiita  Lake  is 
at  elevation  1,272  feet.  The  stream  descends  to  elevation  800  feet  at 
^yHverly  in  a  distance  of  18  miles  from  C'ayuta  Lake,  following  the 
general  trend  of  the  valley,  a  limited  amount  of  water  power  being 
developed  at  small  dams. 


Drainage  areas  of  Cay^uta  Creek,'* 


Areii. 


Total. 


Above  ontlet,  Caytita  Lake 

Above  Van  Etten 

Above  Ithaca  Street  Bridge.  Waverly 


Sq.  milcK.        iSV/.  mile*. 

16  16 

92  I  108 

41  :  140 


a  From  Watkina,  Ithaca,  and  Waverly  sheets,  U.  S.  Q.  S.  toiiographic  map. 
Discharge  measurement h  of  Cayuta  Creek  at  Waverly^  N.  Y. 


Date. 


1903. 

Jtme  13 

AugnBt27_,. 
Octobers  ... 
CkJtober  12  . . 


HydrofcrapLer. 


Oaffe 
heigh  t.a 


R.  E.  Horton 
C.  C.  Covert- 
H.  H.  Halsey 
H.  H.  Halsey 


Discharge. 


Feet. 

Second-feet. 

17.11 

24.9 

17.25 

46.3 

17.00 

25.4 

14. 45 

698 

u  Gage  inverted. 
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Mean  daily  gage  height ,  in  feet,  of  Cayuta  Creek  at  Waverly,  N,  Y.,  1898-190S. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jniie. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

1896. 
1 

16.90 

16.00 
16.20 
16.40 
16.50 
16.60 

16.80 
16.40 

"i6."80" 
16.60 
15.60 
16.20 
16.40 
16.50 
16.60 
16.70 
16.60 
16.40 
16.60 
16.70 
16.28 
16.20 
16.40 
15.87 
14.50 
15.20 
16.70 
16.20 
15.33 

'l6."96' 
16.00 
16.80 
16.50 
16.60 
16.70 

17.00 
17.10 

"i7."30* 

16.80 
"i6.'90' 

17.60 
17.60 

17.70 

if.'w 

17.80 
17.05 
17.10 
17.40 
17.70 

17.20 
17.80 
17.40 
17.50 

17.80 

18.70 
16.80 
16.90 

'i7."ttl 

16.71) 

2 

16.  «l) 

8 

16.80 

4 

5 

16.90 

17.00 
17.10 
17.80 
17.00 
17.10 
17.20 
16.63 
16.90 
17.00 
17.00 
17.10 

10. 7U 

6 

17.60 
16.87 
16.70 
17.00 
17.30 
17.40 



7 

16.80 
16.50 

16.70 
16.80 
16.90 

"i7."6o" 
ii'io" 

17.20 
17.30 

"i7."80" 
12.05 
12.25 
13.40 
14.90 
16.50 
15.80 
16.00 

15.80 
15.90 
16.00 
16.80 
16.50 
16.60 
16.70 
14.60 
15.00 
15.80 
16.20 
16.85 
14.40 
14.90 
15.40 

"n.'ao" 

17.40 
17.60 
17.70 
17.80 
17.70 
16.64 
16.80 
16.85 
17.00 
17.10 
17.00 
16.68 
16.60 
14.62 
16.05 
16.00 
16.80 
16.86 
16.20 
16.10 
16.40 
16.60 

17. 10 

"if.'ao" 

14.87 
13.80 
16.85 
16.70 
16.00 
16.80 
16.60 
16.70 
16.70 
16.40 
15.73 
16.10 
16.80 
16.40 
16.60 
16.60 

■i6."to" 
16.00 

i6."70 

8 

10.80 

9 

10.90 

10 

16.80 
14.60 
13.00 
16.00 
16.80 
16.50 
15.80 
16.00 
16.20 
16.80 
16.00 
16.40 
15.40 
14.80 
15.00 
15.40 
15.80 
16.00 
16.10 
15.40 

17.00 

11 

-  •  •  •  -  .  • 

17.10 

12 

18 

'i7."7d' 

17.60 
17.60 
17.60 

17.50 
17.60 
17.60 

17.20 

14 

16 

16 

17.20 

17 

1 

17.20 
17.40 

17.50 

..... 

18 

19 

17.25 
17.40 
17.60 

17.70 

20 

17.80 

17.00 

21 

10.36 

22 

17.40 

17.60 
17.60 
17.70 

16.15 

28 

17.60 
17.70 
17.35 
17.80 

"i7."80" 

13.80 

24 

14.70 

25 

1 

17.50     17.80 
17.50 

17.40     17.60 

17.70 

!  17.60 

1  17.70 

15.80 

26 

1 

10  00 

27 

1 

10.60 

28 

1 

17.50 
17.60 
16.57 
17.00 

17.90 

::::::: 

10^00 

29 

16.70 

80 

10.80 

81 

""""*"* 

15.80 

15.50 
16.00 
16.20 
14.40 
18.20 
14.00 
14.60 
16.00 
16.80 

16.90 

1889. 
1 

16.80 
16.20 
16.80 



17.80 

"if.'oo" 

17.80 
16.46 
17.00 
17.20 
17.30 
17.40 

17.80 

17.90 



17.90 

15.06 
16.40 
16.90 

17.70 

2 

8 

4 

1 

5 

14.03 
15.55 
16.80 
16.00 
16.10 
16.40 

17.20 

16.50 
16.00 
16.70 
16.80 
16.90 
17.00 
17.10 
16.50 
16.90 

17.80 

6 

18.00 

18.00 

7 

8 



17.81) 
17.40 
17.50 

17.90 
15.60 
17.20 
17.80 

9 

10 

18.10 

18.00 

11.. 

16.40 
15.20 
14.46 
16.70 
16.00 
16.00 
16.80 
16.60 
16.90 
16.10 
16.60 
16.80 
16.40 
15.90 
16.20 
16.50 
16.00 
16.70 
15.50 
15.90 
16.80 

12 

16.50 
16.70 

17.10 

i7.20 
17.30 
17.40 

17.60 

1*0.08 

18 

18.00 

10.40 

u 

1 

15 

14.90 
15.00 
16.80 
15.90 

17.20 
"i7."80" 

17.80 

60.50 

16 

17.70 

"if.'so" 

17.50 
17.80 
16.80 

18.00 



18.10 

17.00 

17 

15.90 
16.80 
16.40 

17.30 
17.26 
17.20 

16.71) 

18 

10.70 

19 

20 

16.00 
16.80 
16.60 
16.80 
17.20 
17.40 
17.60 
17.70 
17.80 

17.20 
16.70 
16.00 
14.80 
15.40 

'l"6."80' 
15.60 

17.40 

21 



17.20 

10.80 

22 

"ie-'oo" 

16.60 
16.70 
16.60 
16.70 
16.80 

"l6."80' 

17.80 

23 

17.60 

24 

16.90 

25 

'i7."46' 

17.55 

17.40 

15.00 

28 

18.10 

16.70 

27 

1 

17.90 

15l90 

28 

"if.'so* 

17.20 
17.20 

17.70 

17.77 

16.00 

29 

17. 60 
17  70 

16.80 

80 

17.80 

17.90 

17.90 

10.00 

81 i 

10.90 

TM.OYT    ANUl 
A2«DBK80N.  J 
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Mean  daily  gage  height,  in  feet,  of  Cayuta  Creek  at  Waverly,  N.  F.,  I89S-I90S^ 

Gontiniied. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July. 

Aug. 

8ept. 

Oct. 

Nov. 

Deo. 

1900. 

1- 

2 

16.90 

16.90 

14.08 
14.00 
15.40 
15.80 
16. 10 
16.40 
16.70 
16.60 
16.40 
15.40 
15.90 
16.00 
16. 2r) 
16.40 
16.70 
16.90 

16.10 
15.20 
14.30 
14.70 
15.60 
15.05 
13.76 
13.80 
15.60 
16.00 

14.80 

17.80 

17.90 

1 
18.10  1  18.20 

1 

18.80 

18.80 

15.00 
16.60 

'S                      .        

17.00 
17.10 
16.60 

16.40 

i6.'«6' 
ie.TO' 

17.10 
17.20 

1"     ■ 

15.70 

4       

1 

15.60 

fi                      .-         ...... 

1 

14.06 

6 

17.80 
17.60 
17.60 
17.40 
17.50 

17.60 
17.60 
17.70 

• .......|.. 

14.60 

16.80 

15.00 

«         

15.20 

9           

17.00 

16.50 
14.00 
15.40 
16.40 
15.50 
15.60 
16.00 
16.40 
16.60 
16.80 
17.00 

i7.'20" 

12.18 

12.20 

15.40 

15.00 

15.80 

16.20 

16.70 

.- ....  - 

15.60 

lo       

15.80 

11              

17.  MO 

I 

16.00 

12       

16.10 

16.20 

13         

16.80 

1 
1 1 

16.30 

14     

17.60 

16.40 

15               

.1        ..1 

18.20 

16.60 

m          

1*5.96 
15. 15 

1 

17                 

16.90 

17  70 

1 

16.60 

14.46 

1      " 

17.90 

19   

17.00 
13.50 
12.55 
15.10 
16.70 
16.10 
16.70 
14.70 
15.90 
16.40 
16.80 

16.  eo 

18.70 
15.40 
16.40 
15.20 
15.05 

14.90 
15.60 
16.20 
16.00 
15.50 
16.00 

17  HO 

16.70 

ai 

12.00' 

17.60 

1 

21      

1 

16.80 

23   

18.00 

18.10 

16.80 

i7."i5' 

17.70 

i            ! 

15.35 

25   

18.20 
18.25 
18.30 

18.00 
10.30 
11.75 
14.40 
14.60 
14. 7D 

15.60 

38     

i6.*20" 

16.10 

16.20 

16.10 

17.80 

15.90 

27   

18.10 

16.20 

ii  ::: 

16.20 

17.20 

16.40 

29   

1 

16.60 

16.30 

15.7 

15.95 

15.45 

15.1 

15.2 

14.05 

12.35 

12.90 

18.90 

14.1 

14.7 

14.9 

15.0 

15.3 

15.6 

15.8 

15.9 

16.0 

16.1 

14.75 

11.76 

11.83 

13.4 

13.75 

14.1 

14.6 

15.1 

15.5 

15.8 

16.0 

17.80" 

16.1 
16.2 
16.86 

17.90 

1 

31   

16.90 

16.5 
16.7 
16.8 
16.9 

17.8 


16.30 
17.5 

1 

IflOT. 
1 

14.8 
15.06 
15  2 

'  17.8 

17.6 
17.6 

17.1 
16.9 
17.1 
17.2 
17.8 
17.4 
17.5 
17.6 
17  7 

17.4 
17.5 
17.4 

17.8 

17.8 

2 

3   

17.4 

17.46 

17.4 

17.5 

16.8 

4 

16.2       15.5 

17.4 
17.4 
17.0 
17.1 
17.3 

"i7.'7 
17.8 
17.7 
17.4 

5     

16.3 
16.5 
16.6 
16.7 

15.9 
16.1 
15.86 
15.3 

1 

6       

17.5 

16.9 

7 

17.0 

17.6 

8   

17.0 

9 

17.8 

16.9 

18.25 

14.0 

15.2 

15.65 

15.15 

15.35 

15.6 

15.36 

14.2 

15.4 

12.52 

14.26 

15.1 

14.2 

13.3 

12.26 

11.78 

18.5 

14.8 

15.2 

15.5 

16.0 

16.3 

16.6      16.5 
16.5    '  16.8 

1 

17.05 

10  

16.95 

16.4 

15.63 

16.1 

16.5 

16.5 

16.0 

16.1 

16.5 

17.5 
... 

ii'.'b 



17.6 

14.86 

11     

15.0 

12  

17.5 

17.7 

16.2 

13 

16.4 
16.5 

16.8 

14 

17.5 
17.4 

"i7.'3 

17.5     17.7 

13.48 

15 

16.7 
16.8 
16.9 
16.9 

'    17.7 
17.0 
17.3 

9.80 

16 



13.35 

17.0 

14.4 

18 

15.0 

16.7 

17.4 
17.5 

17.4 
17.4 
17.0 
17.3 
17.4 

17.4 

15.4 

30  

16.6 
16.7 
16.8 
16.9 
17.1 

17.5 

16.9    1  16.9 

17.8 

15.6 

21 

15.7 

22 

16.85  1  17.0 

17.5 

'i7.'6 

i6.'i6' 
14.7 
15.0 
16.2 

15.8 

23     

16.80 
16.50 

16.0 

24 

17.6 
17.7 

16.2 

25     

16.40 

16.5 

16.5 

15.58 

18.8 

18.85 

14.6 

17.1 
17.2 

"l7.'3' ' 

17.6 
17.7 
17.4 

17.7 

28     

16.8 

27 

17.5 

28 

16.6 

29 

17.6 
17.4 

17.1 
17.2 

16.4 

3D 

31 

17.2 

....... 

i::::::: 

17.5 
17.5 

17.8 

16.0 
16.1 
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Mean  daily  (fage  height,  in  feet,  of  Cayiita  Creek  at  Waverly,  N,  Y. ,  JS9S-19(f3— 

Continued. 


Day. 

1 

1  Jan. 

....    1«.2 
....    1«.4 
....    16.8 
....    lft.4 

..!!    i«.'5" 
.'."!".'  i6.'9" 

Feb. 
15.6 

IH.O" 

1 
Mar.  '  Apr. 

May. 

June.   July. 

1 
Aug.    Sept. 

1 
Oct.     Nov.    Din 

1 

1902. 

1 

9.5    

1 

1  • 

1 

« 

11.2    

8 

11.5 ' 

i 

18.5        1 1.     . 

14.8    

t  -- 

15.4 

1.5.0 ' 

H 

1.5.0    1 ' 

9 

14.8  ! ' ; 

10 

14.8               '                                                    1 

11 

14.0   -L 1 

i:e 

13,9 

18 

12.7           .'.'..            .                ' 

14 

....    17.0 

'...'.  17."  i' 

....    17.2 
....    17.8 
....    17.4 
....,  17.5 

1  15. 5 

'  18.15 

....;  14.0 

'  15.0 

....    15.4 
.  ..!  15.4 
,..    15.0 
.  ..    15.4 
. ...    15.8 

"lo.'i" 

iii'.h' 

1 . . .  — . 

1*16.8" 

''lH.'tw5 

12.4 

1 

13.5    ' ' 

15 

14.3 i 

m 

14.2 

17 

11.5 ?' 

\H 

14.0 - ' ! 

1» 

14.8 1 .... 

m 

1.5.0    1 i 

21 

15.2    ,. 

22 

28 

15.4    - 1 ' 

24 

25 

15.8 

2B 

16.0    1   - 

27 

16.2 

28 

16.4    '   1 

2S) 

16.4    1 

81) 

1 1 

81 

1 

10.4   1 : 

i 

1 

CHENANGO   RIVER  AT   OXFORD,  N.  Y. 

A  temporary  board  gage  was  attached  to  the  upstream  side  of  the 
left-hand  abutment  of  the  highway  bridge  across  Chenango  River  at 
South  Oxford,  N.  Y.,  September  29,  1903,  and  observations  of  the 
stream  stage  were  taken  twice  daily  from  that  date  until  November 
7,  1903.  The  desired  data  relative  to  low-wat-er  flow  could  not  be 
obtained  on  account  of  heavy  rains.  The  precipitation  during  the 
period  of  observation,  as  recorded  at  Oxford,  is  given  below: 

Precipitation  at  Oxford^  N.  Y. 


September  I-IO.  _ 

September  11 

September  17 

September  27-28. 

October  5 

October  8-12  .... 
October  16-19  . . 
October  23-27  - . . 

November  5 

November  6-15. . 


1903. 


Depth. 
Inches. 

T. 

0.64 


72 


.16 

1.14 

3.71 

1.73 

.49 

.34 

.13 


UOYT    AND 
AKDBBSON 


ND   1 
JK.J 
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South  Oxford  is  located  on  Chenango  River  18  miles  above  the 
inflow  of  Tioughnioga  River.  The  drainage  area  is  453  square  miles 
l^ross,  or  423  square  miles  net,  excluding  30  square  miles  tributary  to 
the  reservoirs  which  supply  Erie  Canal  summit  level  during  the  navi- 
gation period. 

Mean  daily  gage  height,  in  feet,  of  Chenango  River  at  South  Oxford,  N.  Y. 


Day.          Sept.  Oct. 

Nov. 
1  m 

D»y. 

Sept. 

Oct. 

Nov. 

D»7. 

Sept. 

Oct. 

Nov. 

I.. 

19QB. 

0.86 

19QB. 
12 

4.56 

3.65 

19UB. 
!  22 

2.56 

2 

.85  1  1.70 

18 

23 

2.40 

3 

1.00  '  1.70 

.90    i.ao 

14 

2.90 

2.55  1 

24 

2.20     

4 

16 

26 

8. 114 

5 

1.35     1.65 
1.80     1.75 
1.45  1  1.65 
1.66  ' 

16 ' 

2.30   : 86 

2.00     

6 

17 

2.36  1 

4.90  ' 

27 

28 

29 

1.90   

7 

18 

1.95     

8 

19 

4.30 

0.90     1.95    

9 

4.95 
7.40 
6.60 

ao !  3.40 

30 

.85  •  1 -Of)  1 

10 

21 

2.90 

31 

1.85 

11 

EATON   AND  MADISON  BROOKS,  MADISON  COUNTY,  N.  Y. 

Records  of  the  flow  of  Eaton  and  Madison  brooks,  two  small  streams 
near  the  headwaters  of  Chenango  River,  are  among  the  earliest,  if  not 
the  first,  systematic  stream  gagings  in  the  United  States.  The  flow 
of  these  streams  was  determined  by  John  B.  Jervis  in  1835  in  an 
investigation  of  water  supply  for  the  summit  level  of  Chenango 
Canal,  extending  from  Utica  to  Binghamton,  and  now  abandoned. 

Th3  headwaters  of  Chenango  River,  including  Eaton  and  Madison 
brooks  and  the  storage  reservoirs  which  have  been  constructed  to 
supply  the  summit  level  of  Erie  Canal  through  Oriskany  Creek,  are 
shown  on  the  Morrisville,  Cazenovia,  Norwich,  and  Pitcher  sheets  of 
the  United  States  Geological  Survey  topographic  map. 

Eaton  Brook  drainage  basin  is  from  1^  to  3  miles  in  width  and  7 
miles  in  length.  It  contains  near  its  head  Eaton  reservoir,  at  an  eleva- 
tion of  about  1,430  feet.  The  slopes  are  steep;  the  soil  is  close  tex- 
tured, with  shale  near  the  surface.  Tributaries  are  few,  and  the  fall 
\s  rapid. 

The  soil  and  topography  of  Madison  Brook  are  similar,  the  area  con- 
sisting of  rounded  hill  slopes  with  a  somewhat  more  porous  soil, 
greater  breadth,  and  more  tributaries  than  in  the  Eaton  Brook  area. 

It  is  stated  that  the  Eaton  Brook  and  Madison  Brook  gagings  show 
only  the  volume  of  water  passed  downstream  from  the  reservoirs. 

ntB  101^-<XS 11 
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Estimated  monthly  discharge  of  Eaton  Brook,  Madison  County,  N.  Y. 

[Drainage  area,  10.88  square  mUea.] 


January  . 
February 
March  . .. 


April 

May 

Jnne. 

Jnly 

Angost  ... 
September 
October . . . 
November 
December. 


Month. 


1835. 


Meandi- 

charge  in 

aecund- 

feet 


Ban-off. 


Beoond-feet 

per  Moare 

miie. 


Depth  in 
inchea. 


Rainfall, 
inches. 


The  period 

Per  cent  nm-off 


22.15 
10.46 
5.06 
8.70 
7.78 
9.17 
13  89 


2.08 
.98 
.48 
.85 
.78 
.86 

1.21 


2.32 
1.13 
.55 
.89 
.84 
.96 
1.89 


7.58 


6.72 
2.74 
2. 86 
1.34 
8.00 
2.20 
.96 


19.82 
38 


HOTT    AND"! 
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Estimated  monthly  discharge  of  Madison  Brojk,  Madison  County^  N.  Y, 

[Drainage  area,  9.-<t  square  miles.] 


Month. 


1885. 


January  .  . 
February  . 
March  _ : .  . 

April 

May 

June 

July- 

Angnst  ... 
September 
October -_. 
November 
December. 


The  year 

Per  cent  run- off 


Meandi»- 

cbargeln 

seoond- 

feet. 


8.66 

10.49 

16.16 

81.16 

21.66 

7.77 

8.64 

8.86 

7.39 

7.30 

7.03 

7.24 


Rnn-off. 


Second-feet 

per  sqoare 

mile. 


Depth  in 
inches. 


0.93 

1.07 

1.12 

1.16 

1.73 

1.99 

3.33 

3.71 

2.82 

2.67 

.83 

.93 

.92 

1.06 

.95 

1.10 

.79 

.88 

.78 

.90 

.75 

.84 

.77 

.89 

17.20 


Rainfall, 
inchee.a 


2.17 
2.50 
1.03 
5.00 
1.98 
8  05 
8.87 
3.06 

.88 
3.86 
2.10 

.76 


39.26 
44 
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Estimated  monthly  discharge  of  Eaton  Brook,  McuHson  County,  JV.  F. 

[Drainage  area,  10.68  square  miles.] 


Jannary  . 
Febmary 
March  . . . 


April 

May 

June. 

July 

August  ... 
September 
October .  _ . 
November 
December . 


Month. 


1835. 


Meandi  - 

cliarge  in 

seound- 

feet 


Run-off. 


I  Rainfall, 

Second-feet     Depth  in        *^**®*^ 


The  period 

Per  cent  mn-off 


22.15 
10.46 
5.06 
8.70 
7.73 
9.17 
12  89 


2.08 
.98 
.48 
.85 
.78 
.86 

1.21 


2.32 
1.18 
.55 
.39 
.84 
.96 
1.39 


7.58 


6.72 
2.74 
2.8B 
1.34 
8.00 
2.20 
.96 


19.82 
88 


HOTT   AXD 
A2CDB11SON 
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Estimated  monthly  discfuirge  of  Madison  Bro  tk^  Madison  County^  N.  Y. 

[Dralnftge  »rea,  9.-«7  squAre  mllM.] 


Month. 


1885. 


Jannary  . 
Febmary  . 

March 

April 

May 

June 

Jtdy- 

Angnst  ... 

September 

October... 

November 

December. 


The  year 

Per  cent  mn-off 


I  Meandla- 
I  cbArgeln 
i     seoond- 
feet. 


8. 66 

10.49 

16.16 

81.16 

21.66 

7.77 

8.64 

8.86 

7.89 

7.30 

7.08 

7.24 


Ron-oif. 


Second-feet     TVik«»i.  i«. 


Rainfkll. 
lnchee.(i 


0.98 

1.12 

1.78 

3.88 

2.82 

.88 

.92 

.95 

.79 

.78 

.75 


.7^ 


1.07  , 
1.16 
1.99 
8.71  ! 
2.67  ! 


2.17 
2.50 
1.08 
5.00 
1.98 


.98 

8  05 

1.06 

8.87 

1.10 

8.06 

.88 

.88 

.90 

3.86 

.84 

2.10 

.89 

.76 

17.20 

89.26 

44 
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Rainfall  and  run-off  in  the  portion  of  the  Susquehanna  River  drainage  basin 

above  Harrisburg,  Pa, 


Month. 


Janaary  ... 
February  . . 

March 

April  

May 

June 

July 

August 

September. 

October 

November . 
December. 


1891. 


1882. 


Run-off. 


Run-off. 


Rain-  ' 
fall 
inchea.  Inches. 


The  year . 


1888. 


Rnn-off. 


Per 

JMUU- 

fall, 
inches. 

Per 

cent  of 
rain- 

Inches. 

cent  of 

rain 

fall. 

0.745 

fall. 

86 

2.30 

se 

68 

4.55 

2.409 

SA 

60 

2.68 

4.474 

167 

25 

4.06 

4.800 

IIH 

54 

6.05 

4.8n 

7S 

58 

8.15 

.805 

Jf: 

17 

3.26 

.480 

15 

19 

4.84 

.2?2 

6 

2S 

8.00 

.872 

» 

30 

2.76 

.885 

32 

15 

2.08 

.716 

35 

61 

2.69 

1.869 

•ti 

50 

41.37 

22.848 

55 

Month. 


1894. 


1885. 


1886. 


January  ... 
February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November . 
December  . 


The  year \    41.49 


2.25 

1.296 

2.83 

1.367 

1.21 

3.848 

4.41 

3.087 

7.70 

4.540 

2.81 

2.314 

2.42 

.482 

2.19 

.318 

5.61 

.802 

4.64 

1.242 

2.04 

2.152 

3.28 

1.689 

11.49 

22.587 

58 
47 

277 
69 
GO 
«2 
20 
15 
14 
27 

105 
51 


m 


8.82 

2.405 

1.11 

2.320 

1.78 

8.822 

2.60 

3.940 

2.84 

1.201 

3.47 

.504 

2.66 

.450 

8.93 

.252 

2.17 

.242 

1.46 

.150 

2.52 

.283 

3.05 

.892 

bl.41 

16.470 

78 
209 

214 
158 
42 
14 
17 
6 
11 
11 
11 
24 


52 


1.90 
4.48 
3. 96 
1.27 
2.88 
4.34 
5.14 
l.fte 
4.01 
3.88 
2.80 
1.04 


37.75 


2. 
2.955 
3.087 
4.109 
.606 


729 


.188 
1.663 
1.647 
1.085 


19.525 


7f< 
%4 
21 
21 
14 

m 

.1 

iA 

67 

lit) 


52 
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Hainfall  and  run-off  in  the  portion  of  the  Stuquefianna  River  drain€tge  Ixunn 

above  Harrieburg,  Pa, — Continued. 


1897. 

1898. 
Ran-off. 

1890. 

1900. 

Rain- 
fall, 
inches 

Run-off. 

Rain- 

faU, 

inches 

2.29 
a22 
8.94 
1.68 
8.48 
&25 
2.76 
4.06 
&70 
1.68 
2.70 
2.95 

Rnn-ofl. 

Ran-off. 

Month. 

Inches 

Per 

cent 

rain- 
taXL 

Raln- 

faU« 

inches 

XnoheB 

2.806 
2.290 
4.260 
2.467 
2.845 
.927 

Per 
cent 
of 
rain- 
fall. 

Inches 

Per 

cent 
of 
rain- 
fall. 

Rain- 
fall, 
inches 

2.28 

a52 

1.62 
2.20 
2.95 
8.68 
8.04 
1.41 
8.35 
4.48 
2.12 

IncheH 

2.737 

2.766 

8.288 

2.708 

.928 

.609 

.842 

.248 

.178 

.208 

1.091 

1.708 

Per 
cent 

of 
rain- 
fall. 

February 

March 

1.77 
2.83 
&22 
8.08 
4.72 
8.24 
4.68 
3.11 
2.90 
1.19 
4.42 
8.27 

0.892 

2.007 

4.288 

2.600 

2.684 

.819 

.646 

.780 

.814 

.284 

1.0UB 

2.285 

60 
86 
181 
86 
65 
25 
12 
28 
11 
24 
23 
68 

&65 
1.79 
8.46 
2.97 
4.74 
2.77 

77 
128 
128 
83 
60 
88 
12 
20 
26 
28 
60 
69 

2.188 

1  968 

4.842 

3.1)1 

1.216 

.684 

.376 

.860 

.SMf 

.198 

.872 

1.646 

96 
62 

123 

191 

85 

16 

14 

9 

8 

12 

38 

62 

120 
75 
92 

178 
42 

Jaiie 

21 

July 

8.12  !    .884 

9 

Aasmst 

September . . , 

October 

Norember  ... 
December 

6.85 
2.04 
6.74 
8.28 
2.48 

1.249 
.528 
1.578 
1.908 
1.606 

8 
12 

6 
25 
83 

The  year. 

87.78 

18. 2M 

48 

42.29  28.800 

1 

54 

85.68   17.472 

49 

84.19 

16.695 

49 

Month. 


1901. 


January 

Febmary  ... 

March 

April 

May 

June 

July 

Aufirnst 

September . . 

October  

November  . . 
December... 

The  year 


1.81 
.98 
8.62 
4.46 
6.68 
2.96 
&96 
6.24 
8.01 
1.43 
2.80 
6.68 


41.98 


0.673 

.868 

3.888 

4.887 

3.009 

2.667 

.640 

1.606 

1.025 

.681 


3.627 


87 
98 
110 
108 
64 
86 
16 
26 
84 
44 
80 


23.999 


67 


1902. 

190B. 

2.81     1.775 

77 

8.28 

1.812 

66 

&41     2.044 

60 

8.71 

4.040 

100 

R.88 

7.466 

192 

4.68 

6.405 

140 

2.87 

&168 

110 

2.76 

3.840 

189 

1.68 

.780 

45 

1.27 

.686 

54 

6.17 

.805 

10 

6.44 

1.298 

HO 

7.24 

3.252 

47 

4.62 

1.660 

35 

2.76 

1.294 

47 

6.48 

1.227 

19 

4.12 

.544 

18 

1.95 

1.417 

78 

4.18 

i.m 

41 

4.94 

2.167 

44 

1.24 

.974 

79 

2.02 

1.286 

68 

4.66 

3.060 

67 

2.42 

.948 

39 

44.38 

26.724 

60 

44.32 

26.086 

60 

1904. 


8.81 
2.16 
8.43 
3.28 
3.82 
8.37 
4.05 
8.94 
8.20 
2.71 
.92 
2.13 


1.470 

1.740 

4.800 

3.460 

2.010 

1.800 

.865 

.600 

.408 

.731 

.600 

.405 


87.22  18.320 


44 

81 
142 
105 
68 
40 
17 
13 
18 
27 
64 
19 


49 


Rainfall  stations  in  the  portion  of  tlie  Susquehanna  River  drainage  basin  above 

Wilkesbarre, 


NEW  YORK. 


1.  Richmondville. 

2.  Ck)operBtown. 

3.  Bonckyille. 

4.  New  Lisbon. 

5.  Oneonta. 

6.  Sonth  Kortright. 

7.  Oxford. 

8.  Cortland. 

9.  Binghamton. 


18.  Athens. 

10.  Lawrenceville. 

20.  Wellsboro. 

21.  Leroy. 

22.  Towanda. 


10.  Perry  City. 

11.  Wedgwood. 

12.  Atlanta. 

13.  Angelica. 

14.  Sonth  Canisteo. 

15.  Addison. 

16.  Elmira. 

17.  Waverly. 


PENNSYLVANIA. 


23.  Dnshore. 

24.  South  Eaton. 

25.  Scranton. 

26.  Wilkesbarre. 
34.  Girardville. 
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In  the  following  table  are  shown  the  rainfall  and  run-off  in  the  por- 
tion of  the  Susquehanna  basin  above  Wilkesbarre.  The  computations 
are  based  on  the  flow  at  the  Wilkesbarre  gaging  station  and  the  rain- 
fall at  the  27  st^ations  listed  above. 


Rainfall  and  run-off  in  the  portion  of  the  Susquehanna  River  drainage  hassin 

above  Wilkesbarre,  Pa, 


1899. 


1900. 


1901. 


Month. 


Rnn-off. 


Rain-  I 
fall, 
inches,  i  IncheB. 


January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


2.14 
2.67 
.S.60 
1.68 
2.78 
8.11 
8.13 
8.76 
8.14 
1.86 
2.68 
8.19 


3.262 

.876 
.854 
.235 
.197 
.138 
.186 
.724 
1.470 


83.58 


7.571 


Per  ^f' 
centof|i_f!j;^ 
rain-  'inc'»««- 

fall. 


200 

82 

11 

8 

5 

4 

7 

28 

46 


2.48 
3.46 
3.59 
.50 
,97 
,94 
18 
2.78 
1.40 
8.58 
4.70 
2.29 


1. 
1. 
2. 
4. 


Run-off. 


Rnn-off. 


Inches. 


2.078 

2.987 

2.778 

2.988 

.600 

.864 

.269 

.201 

.148 

.141 

1.226 

8.206 


84.78  1  16.977 


Per 
cent  of 
rain- 
fall. 


Rain- 
fall, 
inches. 


85 

86 

77 

199 

33 

12 

7 

7 

11 

4 

26 

140 


49 


1.09 
1.17 
8.86 
4.67 
5.80 
8.11 
4.08 
5.96 
2.94 
1.60 
2.68 
5.68 


Per 

Inches. 

cent  of 

rain- 

fall. 

3.402 

201 

1.696 

145 

4.044 

120 

4.465 

96 

2.490 

46 

1.712 

55 

.837 

8 

.881 

14 

.494 

15 

.882 

23 

.563 

21 

4.902 

88 

42.27    26.258 


65 


Month. 

1902. 

1908. 

1904. 

January  

2.00 
8.08 
3.51 
2.54 
2.17 
5.87 
7.88 
2.88 
4.82 
8.88 
1.18 
4.04 

8.144 
2.482 
7.838 
2.441 

.495 

.489 
8.401 
1.115 

.543 
1.674 

.861 
2.999 

157 
80 

228 
96 
28 
8 
43 
39 
18 
44 
76 
74 

2.64 
2.96 
4.77 
2.80 
1.11 
6. 88 
4.39 
6.51 
1.67 
6.04 
2.21 
2.44 

8.441 
8.715 
6.280 
2.654 

.866 
1.134 

.842 
1.446 
1.157 
8.183 
1.882 
1.548 

180 

127 

182 

115 

83 

18 

19 

22 

69 

68 

62 

68 

8.40 
1.99 
8.17 
2.79 
8.09 
8.27 
4.96 
4.26 
8.69 
8.00 
1.18 
2.24 

2.570 

8.920 

6.100 

8.560 

1.860 

1.270 

.428 

.629 

.469 

l.KHO 

.679 

.900 

76 

February  

197 

Man^h       , 

196 

April 

12B 

May 

Bi 

June 

m 

July 

9 

August 

14 

September 

13 

October 

44 

November 

58 

December 

40 

The  year. .:.. 

48.18 

27.817 

68 

48.82 

27.168 

68 

87.64 

28.760 

«3 

Rainfall  stations  in  the  portion  of  the  West  Branch  of  the  Susquehanna  River 

drainage  basin  above  WilliaTnsport, 


20.  Wellsboro. 

21.  Leroy. 

27.  Williamsport. 
29.  Emporium. 


81.  Lock  Haven. 
36.  Center  Hall. 
38.  State  College. 
89.  Grampian. 


In  the  following  table  are  given  the  rainfall  and  run-off  in  the 
portion  of  the  West  Branch  of  Susquehanna  River  drainage  basin 
above  Williamsport.  The  computations  are  based  on  the  flow  at  the 
Williamsport  gaging  station  and  the  rainfall  at  the  eight  stations 
listed  above. 
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Rainfall  and  run^off  in  the,  portion  of  the  West  Branch  of  tJie  Snsqnehanfia 

liiver  drainage  basin  above  WilliamsjHfrt, 


Month. 


January ... 
February . . 

March 

April 

liay 

June 

July 

An^nst 

September. 

October 

November. 
December  . 


1895. 


Rain- 
inches. 


8.74 
1.04 
2.02 
2.83 
8.33 
4.66 
8.00 
8.67 
2.31 
1.26 
2.42 
3.74 


Run-off. 


Inches.  I 


Per 

cent  of 

rain- 

faU. 


1896. 


1897. 


Run-off. 


Rain-  , 
fall,   ; 
inches.  Inches. 

I 


Per 


Rain- 


Run-off. 


Per 


x-tT  ^   1 J  xrvr 

'*2?t^''inch^.  Inches,  ""^l^^ 


ram- 
fall. 

I  I 


fall. 


The  year 33.43 


4.241 
3.990 
1.128 
.688 
.602 
.387 
.204 
.152 
.289 
.924 


210 
171 
34 
15 
20 
11 
9 
12 
12 
25 


1.61 

1.167 

77 

2.04 

1.012 

50 

4.00 

2.077 

52 

2.95 

1.754 

59 

3.84 

2.822 

74 

3.77 

5.231 

139 

1.44 

a9H0 

276 

8.21 

2.744 

86 

2.06 

.787 

38 

4.47 

2.921 

65 

4.48 

1.475 

38 

3.  IK 

.608 

19 

5.75 

1.2K} 

22 

5.28 

.696 

13 

2.26 

1.305 

58 

8.3U 

.760 

23 

4.7r> 

.3U9 

7 

8.8r 

.387 

10 

4.22 

2.685 

64 

1.16 

.263 

23 

2.75 

1.734 

63 

4.91 

1.329 

27 

1.25 

1.276 

102 

8.54 

2.845 

66 

38. 2S 

20.899 

55 

41.18 

19.998 

49 

Month. 


January . . . 
Febrtiary  . . 

March 

April 

May 

June 

July 

AuiruBt 

September. 

October 

November . 
December  . 


1 

1806. 

a69 

a230 

87 

1.64 

2.254 

146 

6.20 

6.410 

128 

2.96 

2.652 

86 

4.26 

2.164 

60 

3.37 

.848 

26 

2.92 

.420 

1* 

5.47 

.914 

17  ' 

1.23 

.802 

25 

6.22 

l.fi07 

24  1 

2.68 

1.684 

63  1 

2.81 

1 

1.662 

56' 

2.49 
3.46 
3.89 
1.85 
3.70 
3.60 
2.77 
4.18 
a  50 
1.87 
2.77 

a  95 


1899. 


2.463 

1.717 

5.622 

a  104 

1.530 

.539 

.357 

.273 

QOR. 
.ODO 

.206 
1.186 
1.892 


The  year I    42.38 


28.827 


56 


88.02  I  19.194 


99 

50 

144 

168 

41 

16 

13 

7 

10 

11 

41 

48 


50 


1900. 

2.46 

2.848 

a  71 

2.602 

a  87 

a  197 

1.33 

2.768 

2.22 

1.006 

2.94 

.800 

a  63 

.418 

a  24 

.267 

1.05 

.184 

a  71 

.372 

4.43 

1.846 

2.06 

1.750 

34.64 

18.057 

Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September  ... 

October 

November 

December 

The  year 


1904. 

a  44 

1.940 

2.30 

1.970 

6.08 

7.880 

4.44 

4.700 

a  09 

2.470 

a  73 

1.420 

4.70 

1.270 

a  32 

.315 

2.63 

.281 

2.20 

.472 

.64 

.326 

2.18 

.334 

38.20 

22.830 

116 
70 
83 

208 
45 
27 
12 
82 
17 
10 
42 
85 


52 


Month. 

1901. 

58 

43 

126 

116 

68 

66 

16 

.     22 

39 

49 

29 

76 

1902. 

1906. 

January  

1.88 
1.28 
a  42 
4.69 
6.41 
a  69 
a  79 
6.62 
a  19 
.89 
2.89 
5.48 

1.000 

.566 

4.280 

5.447 

a  148 

2.436 

.505 

1.441 

1.246 

.433 

.  o4^ 
4.146 

2.46 
a  19 
4.04 
a  24 
1.90 
6.72 
7.58 
2.72 

a  68 
a  18 

1.48 
4.12 

1.449 

1.672 

a  092 

a  976 

.968 

.667 

4.108 

.995 

.340 

.728 

.486 

2.666 

60 

49 

200 

123 

51 

12 

64 

37 

9 

28 

84 

62 

a  09 
a  68 
4.41 
a  23 
1.74 
6.03 
5.30 
5.44 
2.06 
4.33 
2.56 
2.36 

2.062 
4.616 
7.200 
a  526 

.001 
1.560 
1.992 
1.230 
1.165 
•1.699 
1.785 

.719 

66 

128 

March 

163 

ADril 

109 

May 

84 

June 

26 

July 

88 

AUflTPlt                      -  -  - 

28 

SeDtember. 

56 

October  

89 

November •_ 

68 

December 

30 

The  year 

43.18 

25.630 

59 

48.26 

26.928 

60 

44.23 

27.964 

63 

56 

86 

147 

106 

60 

88 

27 

9 

9 

21 

60 

15 


60 
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Rtiinfall  stations  in  Susquehanna  drainage  basin. 


No.« 


Station. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


County. 


Schoharie 
Otsego  . . . 
Madison  . 


NEW   YORK. 

Richmond  ville 

Cooperstown 

Bonckville 

New  Lisbon I  Otsego  _ . . 

I 
Oneonta.  _ _ do  . . . 

South  Kortright '  Delaware 

Oxford Chenango 

Cortland  . 

Broome  . . 

Schuyler  . 

do  ... 

Steuben . . 

Allegany . 

Steuben . . 

do  ... 

Chemung 

Tioga  


Cortland 

Binghamton. . . 

Perry  City 

Wedgwood 

Atlanta 

Angelica 

South  Canisteo 

Addison 

Elmira 

Waverly 


PENNSYLVANIA. 

18  Athens _ . . 

19  Lawrenceville 

20  Wellsboro 

21  Leroy 

22  Towanda 

23  Dushore 

24  !  South  Eaton 

25  I  Scranton 

26  Wilkesbarre 

27  Wllliamsix>rt 

28^  Renovo 

29  Emporium 

30^  St.  Marys 

31  Loc^k  Haven 

32  Lewisburg _ 

33^'  Drifton 

34  Girardville 

35  Selinsgrove _ 

36  Center  Hall 

37^'  Bellefonte 

a  The  nnmbers  indicate  locations  on  m»p,  fig 


Bradford 
Tioga  - . . 

do 
Bradford 

do 

Sullivan 

Wyoming 

Lackawanna 

Luzerne 

Lycoming 

Clinton 

Cameron 

Elk 

Clinton _ 

Union 

Luzerne 

Schuylkill 

Snyder 

Center 

do 

1,  p.  11.  hData  incomplete,  not 


Elera- 
tlon 
above 
level 


Fret. 
500 
1,2:10 

i.a'io 

1,234 

1,1(K) 

1,700 

550 

1,130 

854 

l,03.s 

1,350 

1,200 

1.840 

1.480 

998 

856 

824 

768 

1,006 

1,3?7 

1,400 

754 

1,590 

660 

805 

541 

530 

672 

1,029 

1,740 

560 

450 

1,633 

1,018 

455 

1,272 

744 

tiled. 
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Ram/all  stations  in  Susqtiehanna  drainage  ?w«iw— CVmtinued. 


No. 


Station. 


County. 


PENNSYLVANIA — continned. 

I 

as     state  College Center 

39  Grampion Clearfield  . . 

40  Altoona Blair 

41  ,  Huntingdon. Huntingdon 

42  I  Harrisburg Dauphin  .  . 

43  Lebanon Lebanon    . . 

44«  Ephrata Lancaster 


E1(3VB- 

tlon 
above 
level. 


45<'>  Lancaster 


46 

47a 


York... 
Everett 


do  . 

York... 
Bedford 


1,191 

1,570 

1,179 

650 

317 

458 

881 

418 

381 

1,000 


a  Data  incomplete,  not  nsed. 
Mcmthly  and  anniLol  precipitation  at  stations  in  Susquefianna  drainage  basin. 

l.a  RICHMONDVILLE,  N.  Y. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June  July.  Aug. 

Sept. 

3.22 
1.84 
3.24 
4.49 
1.23 
8.86 

Oct. 

Nov. 

Dec. 

An- 
nual. 

1H99 

1900 

IflOl 

1902 

mti 

1904 

[2,02] 
3.21 
1.09 
1.S8 
1.78 
3.21 

[2.48] 
3.61 
.66 
3.11 
2.54 
2.18 

6.24 
4.06 
2.00 
3.54 
5.16 
3.27 

1.(52 
2.35 
6.82 
8.99 
1.08 
2.47 

2.75 
2.23 
5.22 
2.80 
.22 
1.10 

2.32 
2.37 
2.54 
4.81 
8.84 
3.61 

4.08 

5.74 
5.63 
7.24 
6.95 
3.12 
3.27 

5.38 

1.20 
3.89 
5.38 
3.05 
5.66 
4.20 

1.15 
2.61 
2.19 
3.81 
6.78 
4.16 

1.58 
8.74 
1.62 
1.05 
1.68 
1.26 

2.a'> 

1.96 
8.83 
4.45 
2.42 
2.62 

83.17 
86.60 
42.62 
43.50 
40.46 
85.21 

8.81 

Mean 

2.22 

2.43 

4.06 

8.05 

2.82 

2.90 

8.45 

1.82 

3.02 

88.48 

2.  COOPERSTOWN,  N.  Y. 


1891 

1892 

1888 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

19U8 

1904 

Mean 


5.54 

4.76 

4.99 

2.28 

.  1.89 

4.90 

2.84 

2.09 

2.84 

1.48 

1.48 

5.86 

1.72 

2.06 

4.90 

2.98 

2.22 

2.81 

8.08 

5.59 

2.47 

1.12 

1.04 

2.89 

8.80 

a6i 

4.29 
3.01 

8.00 

8.17 

2.60 
a48 
2.13 
1.92 
1.93 
4.74 
3.31 
2.14 
6.04 
2.91 
8.00 
8.70 
5.84 
8.06 


8.34 


2.22 
1.88 
2.96 
2.54 
2.89 
1.25 
8.65 
4.00 
1.87 
1.94 
4.73 
3.10 
1.57 
2.84 


2.64 


2.16 
7.82 
6.74 
5.29 
2.44 
2.83 
5.21 
4.70 
4.52 
1.98 
4.94 
2.76 
.17 
2.40 


1.98 
4.86 
2.20 
2.62 
2.18 
4:70 
5.22 
3.80 
2.85 
3.08 
3.65 
5.43 
7.85 
4.00 


8.82     3.85 


5.02 

7.80 
4.85 
8.41 
3.80 
4.00 
4.86 
3.02 
3.92 
6.61 
6.79 
9.17 
5.52 
4.74 


4.26 

1.41 

7.96 

3.57 

7.59 

4.03 

1.88 

5.55 

7. 15 

2.86 

3.49 

4,83 

6.00 

3.40 

9.75 

4.20 

2.72 

3.17 

4.62 

1.92 

5.96 

3.08 

8.(J5 

4.89 

7.26 

1.64 

4.55 

4.08 

8.01 
1.79 
1.27 

4.ra 

2.17 
2.23 
.64 
5.86 
2.25 
2.57 
2.48 
4.00 
8.82 
8.49 


5.29    5.49 


8.40 


3.16 


8.15 

4.96 

3.19 

1.53 

2.20 

4.02 

2.72 

238 

3.65 

3.89 

3.56 

1.21 

5.21 

4.64 

4.64 

2.44 

1.93 

4.10 

4.62 

2.69 

2.74 

4.85 

1.48 

4.80 

2.21 

2.66 

1.18 

2.49 

aoB 

8.29 

41.07 
60.55 
44.87 
87.92 
86.78 
89.28 
46.52 
51.88 
37.90 
41.46 
45.81 
45.81 
49.45 
40.12 


48.49 


8.  BOUCKVILLE,  N.  Y. 


1899 

2.48 
8.82 
8.85 
1.88 
3.60 
5.89 

2.19 
2.60 
8.80 
[4.61] 
3.08 
3.24 

4.80 

2.20 

3.86 
1.93 

3.08 

Ifltt) 

6.78 

1.21 

2.21 

IflOl 

1908 

3.18 

[3.  TO] 

8.87 
[1.66] 

5.79 
[3.53] 

4.14 

r6.251 

1908 

1904 

4.70 
2.68 

1.80 
3.80 

\  00^  10.25^ 
2.49     2.35 

Mean 

8.50 

8.16 

4.80 

«.« 

2.«>     4.71 

2.86 

1.97 

2.28 

2.63 

2.85 

3.25 

5.09     3.32  ,  1.21 

3.60 

6.08     3.72 

3.54 

3.44  1  2.30 

2.88 

3.74  1  4.50 

[7.26] 

[3.13] 

[2.99] 

[5.59] 

[1.53]  [5.37] 

2.49 

5.91 

1.66 

8.09 

2.9Si 

4.72 

8.85 

4.79 

8.28 

8.06 

1.11 

8.88 

5.01 

3.76 

1 

1 

2.29 

4.21 

2.93 

4.24 

83.79 
41.47 
44.08 

[47.39] 
48.57 
44.92 

48.37 


aTbe  numbers  indicate  locations  on  map,  fig.  1,  p.  11. 
[]  Interpolated. 
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Monthly  and  annual  precipitation  at  stations  in  Susquehanna  drainage  basin — 

Contimied. 

4.  NEW  LISBON,  N.  Y. 


Year. 

Jan. 

Feb. 

Mar. 

2.09 
8.44 
2.12 
1.40 
1.41 
8.96 
2.90 
1.68 
4.49 
8.82 
2.78 
4.18 
6.77 
2.96 

Apr. 

May. 

June. 

8.72 
8.86 
1.97 
8.88 
2.00 
3.77 
4.10 
8.04 
8.67 
2.98 
4.21 
4.61 
7.04 
4.60 

July. 

Aug. 

Sept. 

Oct. 

1 
Nov.,  Dec. 

An- 
nual. 

1891 

4.11 
4.40 
1.65 
2.18 
2.08 
.86 
1.14 
4.87 
1.46 
2.04 
1.27 
1.00 
2.88 

3.r3 

2.86 

8.56 
1.52 
4.86 
1.75 
1.98 
4.81 
1.53 
2.18 
1.96 
8.29 
.88 
2.81 
3.19 
1.76 

1.89 
1.25 
3.80 
1.60 
8.21 
.80 
2.63 
2.77 
2.04 
1.80 
3.88 
1.72 
1.26 
2.69 

2.50 
7.27 
4.90 
4.82 
2.50 
2.42 
4.40 
3.92 
3.44 
1.68 
5.51 
2.94 
.25 
2.62 

4.68 
6.23 
6.13 
2.13 
2.68 
5.12 
5.58 
6.50 
8.19 
7.27 
8.68 
10.08 
5.24 
6.92 

6.60 
8.70 
8.88 

1.39 
2.76 
4.05 

a26 

I 
2.25  :  4.78 

30.77 

1888 

1893 

1.61     3.63 
1.25      .95 
4.67     2.00 
1.46     2.96 
2.09  •'  2.96 
.78  .  4.04 
7.19  1  8.64 
1.70  !  1.98 

i.no 

2.HK 
1.92 
4.04 
.96 
4.20 
1.48 
8.17 
2.M 
4.» 
5.96 
8.85 
2.06 

45.67 
40.  M 

1894 

2.04  ;  5.74 
5.76  j  2.16 
2.45  '  5.07 

33.98 

1895 

32.(16 

1896 

84.  i» 

1897 

1898 

8.17 
7.88 
3.49 
8.60 
5.60 
3.96 
6.54 
4.41 

3.19 
4.95 
3.25 
2.88 
8.60 
3.05 
1.67 
4.51 

87.61 

49.05 

1899 

83.79 

1900.... 

1901 

1902 

1908 

2.87 
1.64 
4.11 
7.86 
8.09 

8.89 
2.06 
1.12 
2.04 
1.86 

87. 4B 

89.01 
45.05 
46.48 

1904 

40.14 

Mean 

2.68 

8.07 

2.12 

8.51 

3.82 

6.28 

6.07 

8.40 

8.07 

2.68 

aoo 

89.71 

5.  ONEONTA,  N.  Y. 


1899 

2.83 
2.6:3 
1.80 
1.00 
2.46 
3.57 

2.60 
[2.44] 
.92 
2.97 
3.29 
2.80 

5.61 
2.23 
2.41 
3.45 
5.90 
5.28 

0.81 
1.35 
3.93 
1.80 
1.05 
8.59 

2.79 
1.26 
4.54 
2.82 
.86 
2.82 

2.48 

4.82 
8.41 
[6.00] 
4.96 
6.83 
2.71 

4.62 

4.05 
5.14 
3.86 
7.71 

2.72 
6.24 
4.45 
2.54 

4.96 
2.44 
3.84 
2.59 
1.44 
4.66 

1.77 

1.70 

8.58 
2.06 
4.86 
4.61 
2.86 
2.64 

87.59 

1900 

8.07     2.65 

84.  IB 

1901 

2.64 
4.91 
7.9; 
4.45 

2.15 
1.11 
2.81 
2.07 

89.38 

1902 

40.06 

1908 

4.81     7.70 
5.20     7.18 

46.42! 

1904 

46.92 

5.13 

6.13 

Mean 

2.31 

2.50 

4.18 

2.00 

3.24 

4.14 

2.00 

8.26 

40.80 

6.  SOUTH  KOBTRIQHT,  N.  Y. 


1891 

4.67 

8.81 

2.87 

1.65 

8.67 

8.04 

8.67 

4.21 

1.45 

[2.701 

2.68 

4.67 

[87.84] 

1892 

8  30 

1.20 
4.22 

2.82 

2.82 

.77 
8.35 

6.35 
5.81 

2.80 
6.76 

6.14 
3  50 

6.65 
7.26 

2.98 
3.76 

1.18 
2.05 

2.61 
1.10 

1.11 
1.99 

86  26 

1883 

1.27 

42.88 

1894 

2.28 

1.19 

1.25 

2.25 

6.67 

4.16 

4.10 

.84 

3.08 

4.04 

2.80 

3.06 

35.24 

1895 

1.76 

1.40 

1.69 

8.81 

2.10 

1.53 

3.11 

4.68 

2.09 

2.71 

8.70 

8.23 

81.91 

1896 

[2. 191 

4.81 

8.76 

1.48 

2.94 

2.75 

5.50 

2.12 

8.68 

2.85 

2.83 

1.87 

86.78 

1897 

.94 

1.53 

2.59 

2.91 

5.83 

5.00 

5.56 

6.08 

4.67 

.98 

4.35 

4.02 

4S.91 

1898 

2.84 

2.38 

1.82 

2.54 

4.06 

8.70 

2.56 

8.21 

2.98 

6.23 

3.88 

1.87 

4S.07 

1899 

1.85 

2.35 

3.53 

1.79 

2.81 

4.24 

4.31 

2.19 

4.89 

.90 

1.48 

2.44 

82.28 

1900 

1.91 

3.55 

2.81 

1.71 

1.66 

4.74 

2.84 

8.18 

2.60 

2.09 

2.87 

[a  071 

81. 9B 

1901 

1.84 

1.28 

8.64 

3.06 

4.97 

[4.371 

[4.171 

8.87 

4.26 

8.87 

2.57 

5.76 

4a  59 

1902 

1.61 

3.56 

8.28 

8.80 

2.48 

8.41 

6.89 

8.55 

6.24 

6.U 

.81 

4.U 

47.85 

1908 

2.55 
2.87 

8.81 
1.67 

4.74 
2.75 

1.71 
1.99 

.25 
2.19 

6.21 
1.78 

3.89 
4.54 

5.44 
6.83 

1.64 
4.84 

8.80 
4.61 

2.28 
1.96 

a25 
1.87 

4&oe 

1904 

86.87 

Mean 

2.21 

2.55 

2.78 

2.27 

8.66 

4.17 

4.20 

4.60 

8.44 

8.29 

2.48 

2.96 

88.63 

7.  OXFORD,  N.  Y. 


1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899... 

1900 

1901 

1902 

1908 

1904 

Mean 


4.88 

4.15 

6.47 

1.66 

2.57 

4.47 

2.85 

2.46 

a  46 

2.00 

1.99 

4.97 

1.76 

2.00 

4.76 

an 

2.22 

a  29 

a  19 

4.76 

2.89 

2.05 

1.82 

4.02 

a92 

2.99 

4.63 

2.86 

a88 

a  20 

2.78 
4.87 
2.68 
1.86 
2.18 
5.56 
4.06 
2.75 
6.44 
6.81 
a  70 
4.32 
6.64 
a  72 

a  91 


2.44 
1.74 
4.89 
2.79 
2.76 
.77 

a  76 

4.90 
1.70 
1.70 
a  83 
1.78 
1.69 
8.09 

2.67 


1.89 

5.44 

9.87 

4.12 

6.28 

a  70 

5.08 

4.02 

2.78 

1.74 

a  58 

2.96 

6.47 

4.80 

a  90 

a  68 

a  43 

4.30 

2.00 

a  77 

7.69 

2.96 

2.78 

6.46 

.42 

7.56 

a  06 

1.22 
4.04 

4.07 

4.27 
5.62 
6.01 
2.73 
2.48 
6.37 

a  04 
a  41 

5.22 

a  72 
a  93 
a  65 
a  98 

5.98 
4.96 


a  02 

7.90 
7.87 
2.86 
4.50 

2.n 

2.68 
9.82 
a  20 
2.89 
4.83 
2.62 
7.89 
4.49 

4.92 


2.72 
2.60 
a  94 

an 

2.64 
2.17 
a  18 
4.99 
a  05 
2.68 
a  61 

a  97 

1.62 
6.25 

a  44 


4.42 

2.65 

1.62 

a44 

1.46 

1.72 

6.97 

2. 68 

1.06 

a  95 

2.60 

2.66 

.80 

4.86 

7,08 

4.68 

2.62 

2.03 

a62 

5.81 

a  04 

a  12 

4.80 

1.25 

7.06 

1.88 

a  06 

1.60 

a  61 

ao7 

6.88 
1.27 
a28 
2.60 
4.28 
1.72 
4.01 
a  35 
a  64 

a  48 
a  21 
an 

6.68 

a75 

a  89 


46.48 
6a  56 

48.  S 
41.86 
83.82 
37. 11) 
45.47 

56. :» 

88.94 
42. 2:1 
46.  <» 
4a  ."iS 
60.08 
42.00 

44.96 
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Monthly  and  annual  precipitation  at  statioiM  in  Susquehanna  drainage  basin— 

Continued. 


8.  CORTLAND,  N.  Y. 


Tear. 

Jan. 

1.88 

Feb. 

Har. 

1.88 

Apr. 

May. 

1890 

0.69 

0.56 

2.50 

1900 

a28 

1.84 

1.48 

1.M 

1.17 

1901 

1.22 

1.44 

2.76 

8.81 

8.25 

19(J« 

1.26 

1.36 

8.20 

1.21 

2.79 

1908 

1.70 

1.71 

5.18 

1.12 

[2.481 

1904 

a62 

2.10 

2.86 

[l.M] 

4.  OB 

Mean 

2.16 

1.52 

2.86 

1.56 

2.70 

June. 

'july. 
4.69 

Aug. 

8ept. 

Oct. 

Nov. 
2.99 

Dec. 

2.26 

2.64 

2.40 

2.99 

3.98 

2.40 

!  4.78 

1.92     2.00 

4.59 

7.17 

2.58 

2.96 

1  3.49 

8.83     2.90 

1.02 

3.47 

6.41 

5.08 

10.12 

3.68     2.51 

3.60 

1.07 

4.78 

6.12 

3.99     8.21 

2.07   11.47 

2.24 

1.62 

2.57 

7.55     4.60 

5.02  !  3.29 

.84 

2.68 

8.55 

5.77 

4.13 

2.82     4.49 

2.96 

3.68 

An- 
nual. 


29.40 
34.78 
86.06 
40.58 
47.81 
40.60 

88.21 


9.  BINGHAMTON,  N.  Y. 


1891 

3.80 
4.21 
2.42 
2.18 
3.18 
2.26 
1.12 
2.86 
1.79 
1.59 
.76 
1.13 

3.27 
1.90 
4.16 
2.98 
1.60 
4.28 
1.87 
2.51 
2.68 
2.65 
1.09 
2.81 

4.46 
8.96 
2.80 
1.51 
1.58 
4.68 
2.66 
2.31 
2.84 
8.17 
2.95 
3.54 
3.84 
2.11 

8.08 

2.16 
1.18 
8.86 
a58 
2.29 

.63 
1.98 
2.79 

.96 
1.85 
4.20 
1.49 
1.57 
2.51 

1.16 
6.08 
5.16 
5.34 
2.92 
3.11 
4.01 
4.02 
2.48 

.58 
5.49 
1.93 

.42 
2.66 

3.23 

3.55 
5.43 
2.58 
1.97 
2.06 
2.64 
2.98 
2.16 
2.15 
1.54 
1.77 
6.84 
5.79 
2.76 

3.30 
2.92 
4.10 
2.88 
4.06 
3.86 
2.30 
2.06 
1.84 
2.29 
3.47 
5.51 
2.67 
4.78 

6.59 
6.04 
4.88 
1.47 
3.89 
1.42 
1.87 
6.48 
2.44 
.67 
8.76 
2.18 
6.85 
8.12 

1.54 
1.33 
4.50 
4.98 
2.11 
4.62 
8.03 
2.70 
1.45 
2.10 
8.10 
4.75 
1.21 
[2.88] 

4.24 

1.54 
1.68 
5.(K 

.82 
3.68 

.66 
5.79 
1.12 
2.06 
1.46 
8.06 
5.74 
8.81 

2.91 

2.66 
2.65 
1.88 
1.98 
2.94 
2.66 
2.48 
8.15 
1.88 
3.08 
2.81 
1.07 
2.26 
.49 

8.24 
1.27 
2.91 
3.81 
8.68 
1.20 
3.23 
1.45 
2.02 
1.40 
5.41 
2.92 
2.12 
1.12 

2.62 

89.46 

1892 

88.48 

1803 

1894 

89.93 
37.75 

1896 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

80.57 
85.02 
27.14 
88.27 
23.50 
22.42 

86.  n 

36.70 

1908 

2.41     2.24 
2.11     1.16 

1 

37.12 

1904 

28.96 

Mean 

2.24 

2.44 

2.14 

3.16 

3.28 

3.62 

2.88 

2.21 

88.66 

10.  PERRY  CITY,  N.  Y. 


1891 

1892 

3.84 
4.56 
1.75 
3.13 
2.82 
1.68 
1.81 
2.47 
2.08 
2.52 
2.10 
2.18 
2.28 
2.70 

4.23 
1.54 
2.80 
2.54 
1.40 
3.58 
1.33 
1.68 
1.42 
3.84 
1.42 
1.46 
2.  OR 
1.83 

2.22 

8.46 
a96 
2.43 
.99 
2.06 
8.70 
2.66 
1.85 
2.93 
8.64 
3.12 
2.28 
5.34 
2.92 

2.16 
1.65 
8.58 
6.10 
1.87 
1.58 
2.56 
8.64 
1.46 
2.00 
4.85 
1.67 
1.86 
8.54 

2.72 

0.74 
6.06 
5.37 
6.56 
2.49 
3.81 
8.69 
8.86 
2.73 
2.29 
4.80 
2.14 
.72 
5.61 

4.18 
6.65 
2.18 
4.06 
3.54 
3.67 
4.18 
3.47 
2.38 
1.51 
2.85 
5.52 
7.04 
2.01 

3.80 

3.54 
6.86 
4.99 
2.86 
2.72 
4.18 
8.55 
1.82 
4.30 
2.66 
5.39 
9.46 
4.94 
5.48 

4.48 

8.90 
4.12 
5.21 
1.88 
4.67 
2.54 
2.80 
4.68 
.96 
2.48 
7.87 
4.82 
8.60 
3.10 

4.01 

0.98 

.84 

5.46 
1.64 

2.19 
4.68 

4.48 
.78 

88.60 
48.30 

1893 

4.12     2.74  '     .91 

1.87 
8.06 
3.06 
1.40 
2.86 
2.86 
3.02 
2.42 
5.28 
8.A0 

87.90 

1894 

5.46 
2.00 
8.97 

2.58 

4.83  1  2.10 

.91     4.16 

4.07     2.44 

42.55 

1895 

81.22 

1896 

86.62 

1887 

.86 

8.74 
8.90 
8.84 
6.58 
3. 86 

82.12 

1808 

2.12     6.26 
2.42     3.22 

87.60 

1809 

80.21 

1900 

1901 

1.07 
2.22 
2.40 

4.76 
.86 

85.77 
43.62 

1902 

4.08     1  20 

40.85 

190B 

.99     .^79  '  2.56     1.52 
2.80     8.82  1  1.07     1.80 

43.67 

19M 

86.68 

1 

2.09 

Mean 

2.58 

2.96 

8.60 

2.48 

3.48 

3.01 

37.92 

11.  WEDGWOOD,  N.  Y. 


1891 2.48 

1892 3.50 

1808 2.23 

1894 3.10 

1895 2.30 

1H98 1.72 

1897 1.85 

1898 2.T8 

1899 1  1.72 

1900 2.56 

1901 1  2.06 

1902 '  2.04 

1903 8.29 

1904 3.68 

Mean 2.52 


3.88 

3.11 

2.46 

0.89 

2.43 

2.50 

3.81 

1.08  I  5.17 

4.35 

2.49 

2.98 

3.55  !  5.87 

5.51 

3.09 

i.a) 

6.67 

8.01 

2.59 

.85 

1.00 

1.55 

2.71     4.03 

5.02 

3.48 

2.52 

2.98     6.23 

.87 

2.54 

2.72 

3.72     2.74 

1.88 

2.62 

2.91 

3.40 

2.72 

2.W 

2.80 

l.OB 

2.04 

2.11 

2.57 

3.74 

1.80 

2.72 

1.91 

1.37 

3.82 

5.44 

4.82 

4.09 

2.02 

2.87 

2.96 

2.83 

6.25 

2.25 

5.42 

2.06 

.87 

5.53 

1.77 
2.83 

3.12 
2.98 

8.87 

5.81 

3.39 

2.90 

3.60 

3.85 

4.19 

1.77 

8.85 

2.20 

3.25 

.71 

2.57 

1.60 

1.71 

4.22 

1.86 

3.15 

1.02 

3.37 

8.51 

4.42 

2.03 

1.42 

.74 

3.20 

1.98 

5.95 

2.73 

1.98 

2.62 

3.50 

2.90 

5.33 

6.79 

2.53 

.81 

2.90 

5.29 

3.41 

1.24 

3.25 

5.06 

1.81 

1.98 

2.02 

.62 

1.87 
2.57 

a  18 

2.62 

• 

82.75 
88.58 
89.96 
43.50 
82.24 
41.36 
29.44 
36.99 
29.59 
86.75 
44.81 
42.03 
48.32 
87.42 


37.70 
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Monthly  aiid  annual  precipitation  at  stations  in  Suaquehanna  drainage  boMin — 

Continued. 

12.  ATLANTA,  N.  Y. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 
a57 

An- 
nual. 

1890 

;  1.31 

1.54 

2.45 

1.51  !  2.85 

1.18 

2.10 

8.14 

1 
2.54 

1.91     2.38 

aB.4t< 

1900 

1  2.64 

3.00 

4.04     2.08  '  1.77 

2.17 

3.06 

2.41 

1.97  1  3.79     6.8B 

1.87 

83.  HI 

1901 

2.18 

2.54 

2.60 

6.97     5.97 

2.10    7.  SO 

9.  OH 

2.58     1.31 

2.99 

4.82 

49.7:) 

19(6 

;  2.83 

1.94 

2.27 

3.60 

2.9T 

5.19  I1O.2I 

1.98 

2.83  '  3.25 

1.39 

2.60 

41.11) 

1903 

1  2.41 

2.46 

5.02 

2.92 

1.16 

4.66 

4.27 

5.58 

2.06    3.86 

1.84 

1.87 

37.91 

1904 

4.56 
2.66 

2.30 

8.68 
3.33 

2.99 

4.30 

4.81 
8.27 

6.85 

3.08 

,  8.60 

2.79 

.98 

2.06 

41.17 

Mean 

2.31 

3.18 

3.18 

5.60 

4.20 

2.46 

2.82  '  2.58 

1 

2.78 

3B.8B 

13.  ANGELICA,  N.  Y. 


1899 

1900 

1901 

1902 

1908 

1904 

Mean 


2.04 
2.61 
2.62 
2.80 
1.78 
2.09 


2.42 


1.64 
2.33 
2.04 
1.80 
1.45 
1.48 


1.79 


2.72 

0.90 

3.76 

1.44 

2.95 

5.29 

2.58 

3.76 

4.60 

2.65 

2.47 

1.97 

3.17 

2.67 

2.39 
2.62 
6.28 
3.97 
1.16 
4.00 

3.23 


1.81 

2.66 

2.05  ;  2.86    2.09 

2.09 

1 
3.97  ! 

28.Qte 

2.66 

4.04 

2.50     1.47  '  4.52 

5.40 

2.16  . 

Si.  40 

3.09 

3.34 

4.87  13.11     1.16 

2.88 

4.n  ' 

41.94 

5.79 

12.46 

3.36  1  4.46    2.06 

.79 

1.06 

45.72 

4.54 

4.11 

7.51  '  1.80   [2.68] 

2.57 

.77 

85.02 

[3.68] 
3.68 

6.54 

[4. 07]  1  [2. 74] 

[2.68] 

[2.76] 

[2.W], 

[87.70] 

5.61 

4.07 

2.74 

2.68 

2.75 

2.72  , 

1 

97.^ 

14.  SOUTH  CANISTEO,  N.  Y. 


1891 

2.53 

4.72 

3.43 

2.22     1.41 

2.68 
3.90 
4.78 
3.51 
4.75 
6.22 
3.48 
2.90 
2.48 
5.11 
8.63 
6.24 
5.49 
2.03 

4.62 
4.56 
2.70 
3.34 
2.77 
5.01 
5.62 
1.75 
2.99 
4.10 
3.97 
8.40 
4.59 
4.20 

5.80 
4.83 
4.13 
2.71 
3.88 
1.62 
2.69 
4.46 
1.90 
3.37 
6.93 
2.56 
7.13 
3.80 

1.20 
1.40 
2.76 
7.12 
1.16 
5.10 
3.47 
2.28 
3.15 
1.43 
8.24 
3.»! 
1.98 
3.01 

3.48 

2.74 

3.80 
1.01 
2.91 

%  13 

1892 

1803 

3.50    3.40 
2.96     3.58 

3.42     1.57  1  6.74 
3.51     5.84     5.25 
1.64     7.80  ,11.46 

1.63  j  1.49  ■  2.79 
3.62  :  1.25     4.01^ 
3.01  ;  3.13    3.18 
4.53  '  3.35     3.87 
2.60     1.51     3.29 
2.62     1.60     3.06 
3.13  17.07     5.15 
2.r3  '  2.86     1.77 

4.64  <  3.24     1.94 
3.15     2.81     6.06 

2.44  ;  3.06 
4.05     2.08 

40.46 
44.50 

1894 

1896 

3.41 
3.32 
2.76 

3.21 

.97 

6.62 

4.40     2.13 
1.17  .  3.39 

8.41 
4. 84 

54.14 
81.65 

1896 

6.49     1.82  '  1.14 

44.68 

1897 

2.34 

1.60 

1.04     8.66 

4.80  '  3.H8 
8.21  ;  1.80 

6.81  1  6.08 
.62     2.64 

2,71 
2.62 
4.27 
1.60 
4.66 
8.05 
1.38 
2.10 

85.83 

1896 

3.90 

2.4k) 
1.95 
2.90 
3.25 
3.45 

2.09 
1.95 
5.62 
l.Si 
2.37 
2.16 
3.85 

3.03 

80.  m* 

1899 

81.23 

1900 

48.74 

1901 

48.21 

1902 

1.49 
4.47 
2.46 

1.41 
2.48 
1.06 

80.10 

1908 

4St  74 

1904 

8R97 

Mean 

2.90 

3.12 

3.27     4.21 

4.09 

4.18 

3.92 

2.90 

3.28 

2.72 

2.75 

1 

40.37 

L5.  ADDISON,  N.  Y. 


1891.. 

1892. 

1899 

1894. 

1895. 

1896. 

1897. 

1898. 

1890. 

1900- 

1901. 

1902. 

1903. 

1904.. 


Mean. 


0.38 
5.85 
7.87 
9.70 
2.11 
4.50 
4.28 
4.12 
2.88 
2.92 
4.94 
2.26 
1.90 
4.44 


2.54     4.15 


2.05 

2.91 

4.24 

3.18 

4.94     3.62 

3.04 

2.37     3.89 

1.82 

2.06 

1.44 

4.15 

2.02 

3.»« 

5.78 

4.45 

.77 

2.56 

4.52 

2.05 

3.67 

2.16 

2.92 

2.96 

3.31 

2.90 

2.86 

1.98 

2.39 

2.14 

2.01 

6.22 

5.37 

6.a5 

2.91 

5.90 

5.51 

7.25 

1.94 

4.53 
3.64 

3.76 

3.30 

8.43 

0.49 

2.94 

.91 

1  50 

2.34 

2.88 

5.62 

4.08 

1.22 

.80 

3.67 

6.73 

2.90 

.04 

1.31 

5.99 

4.25 

1.93 

1.01 

4.80 

2.65 

.98 

3.65 

2.84 

1.81 

4.42 

2.63 

1.67 

2.45 

2.96 

1.64 
3.46 
1.22 
1.42 
2.44 

.83 
3.10 
2.13 
3.58 
6.00 
2.00 

.89 
1.84 

.56 

2.22 


2.96 

.48 
1.88 
2.98 
2.92 

.88 
1.91  I 
2.L5 

ao4 
1.66 1 

4.86  < 

2.50  • 

.79  ! 

1.13  I 


2S.H4 

38.11 
85.33 
40.51 
85.911 
85.38 
29.24 
34.97 
31.82 
81.00 
38.47 
35  k: 
40.»8 
29.65 


2.16        83.31 


HOTT   AND 
▲NDUSON 


:] 


PRECIPITATION. 
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Monthly  and  annual  precipitation  at  stations  in  Susquehanna  drainage  basin — 

Contiiined. 


16.  BLMIBA,  N.  T. 


Tear. 

Jan. 

2.  SB 
8.01 

Feb. 

Mar. 

Apr. 

May. 

0.60 
.V80 

June. 

July. 

Aug. 

a  78 

a  28 

5.54 

1.23 

4.04 

.94 

a  70 

4.70 

a  16 

1.25 
4.07 
2.01 
a  28 

a  61 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual. 

1891 

lyUi 

2.19 

ri.78i 

1.88 
2.96 
2.05 
1.05 
1.87 
8.22 
2.41 
2.58 
2.94 
8.85 
2.84 
2.68 
4.25 

1.73 
1.01 

4.57 
4.11 
8.62 
1.94 
8.51 
8.31 
1.76 
8.43 
2.84 
1.82 
1.84 
4.12 
7.18 
4.66 

2.18 
a89 
8.89 
1.62 
2.34 
5.55 
a  28 
2.24 
2.69 
a  48 
4.28 
7.84 
4.78 

a8o 

a25 

1.18 

[4.ao]' 

1.80 

[1.80] 
2.10 
2.10 
1.28 
1.25 
1.40 
2.80 
2.24 
1.68 
5.09 
2.75 

.88 
1.87 

.57 

[a  80] 

2.31 
2.81 
2.89 
2.70 

.61 
1.60 
2.25 
1.82 
1.72 
5.22 
1.96 

.81 
1.15 

82.80 
31.71 

1868 

1894 

.62    1.61 
2.78    1.80 

8.65 
4.42 
1.66 
.77 
2.80 
2.84 
1.60 
1.68 
5.56 
1.71 
8.24 
2.77 

6.84 
7.65 
3.03 
8.14 
5.66 
4.29 
2.60 
1.48 
4.82 
2.02 
1.62 
5.00 

a  72 
a  16 

1.89 
2.73 

a  70 

1.78 

a  23 

1.16 
2.86 

a  53 

1.47 

a62 

2.66 
4.21 

.78 
4.86 

.65 
4.48 
a  07 
4.19 

.96 

a  80 

5.10 
2.01 

88.51 
i      86.07 

1896 

1896 

1897 

1888 

2.70 
1.66 
1.40 
2.45 
1.51 

ll-«5J 
1.09 

1.96 
2.08 
&18 

1.80 
8.40 

.« 
1.45 
1.66 
2.26 

.69 
1.46 
8.60 

1      26.37 
31.49 
30.18 
34.69 

1899 

1900 

28.68 
<      29.28 

1901 

19UB 

1908 

36.80 
;      34.29 

'      40.06 

1904 

2.21  i  2.59 

84.90 

Mean 

2.04 

1.70 

2.68 

2.40 

a88 

a  47 

a66 

a46  i  a80 

1 

2.99 

1.99    2.22 

1 

83.28 

17.  WAVBBLY,  N.  Y. 


1800. 
1900. 
1901. 
1908. 
1908. 
1904. 


Mean. 


1.77 

2.26 

2.88 

1.23 

2.00 

a  86 

4.08 

1.5H 

1.22 

.86 

4.42 

5.87 

2.48     2.20 

4.66 

2.76 

2.52  ;  2.23 

4.27 

2.25 

a  47 

1.53  i  a07 

2.57 

2.24 

2.07 

a  98 

2.71 

a  26 
1.11 

5.96 

1.97 

.76 

4.02 


an 
a  75 
a  60 

6.50 

a  67 
a  88 


a85    a94  I  4.06 


4.08 

5.23 

a  40 

a  07 

1.64 

1.12 

a  85 

5.83 

2.50 

7.29 

2.36 

a  98 

a  87 

a  52 

1.85 

2.70 

am 

4.15 

a  88 

4.06 

a  55 

1.53 
a  72 
1.42 
a  46 
.5.60 
a  08 


a37 

5.20 
a  47 
1.05 
2.30 


a  48 
a  76 
a  61 
a  19 

1.49 
1.81 


83.26 
32.38 
44.19 
40.80 
40.33 
82.66 


87.26 


18.  ATHENS,  PA. 


1899 

190O 

a  63 

1.59 
.74 

a  05 
a  60 
aoe 

a  84 
a  84 

.45 
1.89 

a  54 

1.15 

a  75 
a  89 
a82 
a4i 

4.83 

(«) 

a  54 

1.41 
1.78 
5.40 

a  71 

[a  81] 

a  15 

1.26 
5.14 
1.65 

a  00 

1.98 

a  16 

4.11 
5.18 
5.42 

a  90 

a  70 

4.82 

1.48 

a  49 

1.15 

1.88 

a  10 

1.48 

a  08 

5.91 

a  26 

4.60 

a  10 
1.11 
a  40 

a  57 

a  14 

4.47 

a  93 

1.42 

32.53 
28.14 

1901 

a  82 

5.68 

a  57 

4.79    a38 
a  17     4.01 
5.79    1.71 

1 

39.15 

190B 

190B 

86.87 
40.60 

ISOi 

a  90 

a  89 

Mean 

a  09 

1.95 

a  81 1  a64 

a  76 

a  88 

aTi 

a  34 

a  71 

85.24 

19.  LAWBENCEVILLE,  PA. 


1899 

1900 

1901 J 

1908 

1908 

190« 

Mean 


1.85 

a  82 

a  28 

a  10 

a  48 

5.10 

fa  181 

1.11 

1.60 

.90 

a45 

a  64 

1.75 

1.95 

a  80 

a  70 

a  62 

a  S3 

4.67 

a  67 

a  OH 

a  06 

a  60 

a  95 

a  40 

a  60 

ao6 

a  86 

a  81 
a  47 
a  60 
a  16 

1.65 
4.32 


a  78 

a  15 

a  06 

a  02 

aso '  an5 

1.61 

a  90     5.  OK 

5.54 

7.37 

a  14 

8.60 

.5.60 

5.31 

a  04 

a  78 

4.40 

• 

a  68 
a  89 

4.10 

a  OB 

.05 

a  05 

4.31) 
1.99 

a  30 
a  44 


0.41 
4.85 
1.54 
2.22 
5.10 

a  24 

a  73 


a  46 

a  60 

a  36 

1.60 

a  78 

a  22 

1.19 

a  21 

a  85 

1.92 

.40 

1.60 

a  84 

a  86 

83.75 
88.67 
»?.76 
36.83 
45.31 
38.05 

37.07 


a  No  record. 
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HYDROGRAPHY   OF   SUSQUEHANNA    BASIN. 


[NO.  109. 


Monthly  and  annual  precipitation  at  stations  in  Susquehanna  drainage  basin— 

Continued. 

20.  WELL8BOBO,  PA. 


Year. 

Jan. 

6.68 
8.67 
4.92 
2.25 
3.00 
1.60 
2.23 
1.72 
8.42 
8.04 
1.27 
1.64 
1.86 
2.95 

2.85 

Feb. 

8.46 
2.21 
6.55 
2.25 

.85 
4.84 
2.80 
1.38 
2.54 
4.90 

.80 
2.70 
3.65 

(«) 

Mar. 

Apr. 

May. 

1.30 
6.60 
6.68 
10.23 
6.44 
1.87 
5.53 
4.70 
2.15 
2.60 
4.23 
2.05 
2.12 

June. 

July. 

Axig. 

• 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual 

1891 

1892 

2.72 
4.66 
5.09 
.24 
2.90 
3.00 
3.65 
4.78 
2.75 
2.90 
2.58 
2.67 
5.19 

1.07 
.61 
5.88 
8.69 
2.21 
.91 
2.55 
4.48 
8.07 
1.22 
4.46 
2.86 
2.76 

4.07 
8.84 
1.42 
1.88 
8.50 
3.92 
2.85 
2.70 
4.09 
2.90 
4.17 
6.17 
4,87 

3.48 
2.15 
2.60 
3.88 
8.22 
5.67 
5.46 
2.04 
8.87 
2.90 
2.27 
9.48 
5.27 

8.67 
4.73 
4.69 
2.05 
4.65 
.88 
1.84 
5.13 
3.49 
3.67 
5.04 
1.29 
3.87 

2.30 
1.18 
2.03 
5.85 
1.12 
8.08 
3.40 
2.24 
2.97 
.65 
2.14 
3.82 
1.10 

2.44 

.38 

2.88 

3.81 

1.62 

5.40 

.67 

8.62 

2.68 

5.01 

.89 

2.14 

5.68 

4.U  '  4.01 
2  55  !     Ui 

39.01 
87  9S 

1898 

1884 

3.00 
3.06 
2.67 

.82 
5.21 
2.88 
2.90 
6.11 
3.60 

.60 
2.42 

4.21 
4.07 
6.55 

.95 
3.09 
2.68 
8.78 

.97 
6.66 
5.18 
1.85 

49.15 
48l27 

1895 

38.78 

1896 

32w29 

1897 

38.66 

1898 

4a  20 

1899 

37.16 

1900 

86.07 

1901 

1902 

30.66 
89.90 

1908 

1904 

80.54 

8.80 

Mean 

2.91 

8.09 

4.84 

8.95 

8.97 

8.41 

2.40 

8.20 

ao6 

aao 

,      89.77 

1 

21.  LEROY,  PA. 


1891 

4.68 
4.00 
2.60 
2.48 
3.27 
2.00 
2.18 
3.80 
2.19 
1.94 
.99 
2.69 
2.95 
2.88 

3.13 

3.15 

2.01 
.96 
4.19 
6.12 
2.65 
1.44 
2.70 
4.61 
2.15 
1.34 
4.68 
3.16 
2.97 
3.15 

3.01 

1.18 

4.7R 

8.05 
2.39 
2.18 
2.98 
3.42 
5.84 
3.95 
3.06 
1.93 
4.06 
3.22 
9.46 
4.17 
2.21 

3.71 

4.83 
4.04 
5.92 
1.28 
3.81 
2.22 
4:40 
6.95 
6.84 
2.14 
5.40 
4.81 
4.40 
4.80 

2.00 
2.04 
2.70 
5.44 
8.11 
8.87 
8.06 

.81 
2.85 

.54 
a70 
4.67 
1.57 
8.58 

4.25 
.91 
8.91 
5.29 
.65 
5.04 
1.30 
6.87 
1.84 
a88 
1.16 
a89 
5.06 
2.58 

a  24 
a  22 

2.07 
2.47 
a  06 
2.92 
a  81 
2.62 
a  64 
4.71 
2.83 

.90 
2.76 

.65 

2.78 

4.34 
.98 
2.71 
a  39 
4.05 
.7» 
2.89 
1.68 
4.47 
2.12 
8.86 

a  46 

2.00 
1.06 

4a  OS 

1892 

1893 

1894 

1895 

1.09 
3.86 
3.04 

.80 
4.66 
2.28 
2.05 
3.05 
8.07 

.75 
3.02 
3.00 
1.18 

2.50 

4.25 
3.10 
1.00 
1.55 
4.58 
2.55 
3.39 
3.02 
5.45 
4.21 
4.76 
4.37 
3.94 

5.14  '  7.W 
7.76  1  1.96 
8.35     1.64 
3.24  I  3.69 
2.46  !  2.66 
4.84     3.77 

87.54 
42.96 

4aw 

8a  3D 

1896 

1897 

8a48 
87.70 

1898 

1899 

3.65 
2.07 
1.50 
5.34 
1.47 
2.00 
5.45 

2.75 

4.90 
3.40 
3.44 
5.40 
5.13 
8.50 

40.14 
88.45 

1900 

1901 

1902 

1903 

1904 

81.15 
4a  96 
4a  49 
41.00 
85.42 

Mean 

2.75 

3.52 

3.89 

3.93 

4.84 

2.85 

a  15 

aao 

89.62 

22.  TOWANDA,  PA. 


1899 

1.80 
1.38 
.91 
1.72 
2.62 
2.72 

2.52 
2.90 
.45 
a  85 
2.73 
1.06 

2.17 

2.56 

1.84 

2.10 

4.52 

2.47 
a  49 
a  51 

7.77 
4.85 
a  96 

4.34 

6.48 
a  44 
4.79 
2.02 
4.63 
4.32 

4.10 

2.08 
.69 
a  95 
4.58 
1.24 
4.70 

1.21 
2.88 
1.31 
a  35 
4.98 
2.18 

aa9 

a  53 
2.48 
1.11 
2.66 
.09 

2. 82 
1.98 

a  00 

2.95 
2.42 
1.60 

82. 6B 

1900 

1901 

a48     1.31 
a92  1  4.65 
4.07  ,  2.:« 

3.83  .  2.37 

1.38     a  49 
7.58     4.26 
1.06     4.86 

29.89 
4a  76 

1902 

39.20 

1903 

.89 

4.89 

5.06 
5.08 

8a  27 

1904 

2.73 

2.48 

36.36 

Mean 

1.86 

a  43 

2.60 

2.96 

4.54 

2.86 

2.64 

2.80 

2.96 

36. 6S 

23.  DU8HOBE,  PA. 


1899 

1900 

1901 

1902 

1908 

1.94 
1.97 
1.10 
2.58 
2.61 
3.34 

2.26 

a  48 
4.01 

.78 
4.45 
4.02 

.99 

2.96 

a  79 
a  19 
4.37 
5.66 
a  36 
a  26 

a  94 

1.82 
1.05 
5.50 
a  91 
2.66 

1904 

2.68 

Mean 

2.94 

a  13 

2.03 

a  79 

2.80     1.36 

2.84  .  5.00 

34.87 

4.10 

4.68 

2.25 

1.13 

2.35 

a  38     a  09 

82.51 

a  84 

5.34 

10.69    a  33 

2.71 

2.87     7.18 

5a  96 

7.39 

a95 

a  28 

5.29 

a  37 

U20    4.65 

51.89 

5.34 

5.06 

5.29 

1.62 

4.98 

2.88     a48 

41.94 

[4.66] 

2.98 
4.84 

a  95 

a  18 

2.15 

.97    a  19 

a27  1  4.10 

1 

35.29 

4.06 

4.86 

a  88 

2.82 

41.66 

a  No  record. 


MOYT   AXD 
ANDBBSON 


XD"| 
>N.  J 


PRKCIPITATION. 


1«7 


Monthly  and  anniujU  precipttation  at  Htatwnn  in  Simqnehnnna  draimtge  Ixtsiu— 

Gontinned. 

24.  SOUTH  BATON.  PA. 


Year. 


J»n. 


Meui. 


.1 


1M>1 5.47 

IMV 5.38 

1898 8.W 

W«4 l.eB 

1W5 2.36 

18B6 10.62 

1807 l.» 

1808 8.98 

18W 1.1» 

WW 2.10 

mn 82 

ime 1.42 

law 2.78 

ISNM 2.«7 


..•  a2» 

t 


Feb.  Mar.  <  Apr. 


2. 
1. 
4. 


3.48 
.91 
5.49 
T9 
83 
11 
2.49 
1.48 
8.58 
8.47 
.81 
5.26 
4.58 
1.67 


4.54 

4.58 

aoB 

.HI) 
1.62 
4.45 
2.40 
8.16 
a96 
a75 
a78 
4.06 
4.83 
2.66 


2.85 
1.20 
8.58 


76 
60 
18 
11 
2.78 
2.30 
.97 
4.21 
2.22 
8.29 
8.21 


May 


1.06 
5.49 
5.12 
7.26 
8.40 
2.86 
5.29 
8.67 
2.24 
1.97 
6.70 
1.84 
1.81 
8.00 


2.65  I  a62 


JuncMJuly.  Aug.  8ept.  Oct. 


I  ' 

Nov.'  Dei; 


I 


2.17 
4.50 
2.98 
l.(» 
4.50 
2.62 
8.92 
1.68 
2.58 
3.52 
3.01 
6.61 
6.74 
8.74 


4.88 
3.14 
3.8:{ 
1.98 
2.81 
4.W 
3..S8 

l.(:4 

2.:i9 

in 
.% 

41 

3.86 
5.94 


4. 

5. 
5. 


4.15 
2.86 
5.41 
2.28 
2.07 
3.06 
3.3» 
6.30 
3.38 
1.9Ei 
5.76 
2.2r 
6.19 
3.40 


1.35 
2.97 
2.21 
3.09 
68 
45 
24 
90 
16 
84 
2.66 
8.15 
1.98 
8.71 


1. 
2. 
2. 
1. 
2. 
1. 


3.71 

.n 

1.88 
6..'iO 
2.26 
4.94 
1.12 
4.49 
1.16 
1.98 
1.94 
7.05 
5.23 
3.54 


2.84 
2.88 
1.94 
2.27 
2.44 
4.16 
3.96 
3.27 
2.71 
3.21 
1.69 
1.00 
2.(0 
1.06 


o.  88 

.86 

2.46 

3.41 


26 
11 
13 
02 
81 
17 
16 
6.(» 
3.85 
1.90 


An- 
nual. 


40.:ftt 
:i5.48 
40.57 
36.42 
!i2. 32 
46.07 
37.16 
:«.17 
31.25 
31.00 
42.91 
50.88 
46.63 
36.70 


8.54     3.81     3.73     2.78  .  3.83     2.54     3.»        88.86 


25.  8CRANTON,  PA. 


1891. 

I>«2. 
I80H. 
IW4. 
1805. 
1896. 
1897. 
1806. 
1809. 
1900. 
1901. 
1902. 
19C8. 
1904. 


Mean. 


4.60 
7.f« 
3.:^ 
1.63 
3.43 
1.14 
1.40 
2.90 
3.21 
1.96 
2.10 
2.23 
2.00 
2.86 

2.85 


IWB a08  6.80  4.46 

1911) 2.13  2.75  2.98 

1901 1.17  1.84  a23 

19118 2.14  4.73  ai4 

ions 2.73  a54  4.40 

1904 aai  .92  2.10 

Mean 2.40  a 26  a38 


1.96 
1.81 
a  44 
2.27 
2.55 
2.32 


2.73 
2.81 

5.58 

1.61 

.96 

2.17 


2.89     2.64 


2.66 

a  54  I 

i.Ke  I 

6.60  I 
7.73  I 
a  46 


4.r3 
4.63 
4.12 
4.60 
4.89 
5.04 


a  62 

1.27 
6.88 
a  28 
6.<« 
4.60 


i.dSt     4.82  I  4.30 


26.  WILKE8BARRE,  PA. 


4.00 
1.11  ' 
7.38 
4.60  I 
2.32  . 
6.17 
:^06 
.96 
4.48 

a  21 

.75 
5.60 
4.13 
1.60 


a  67 
6.41 
aKI 
1.68 
2.94 
6.31 
a  78 
2.76 
4.49 
2.91 

a  81 
a  19 

4.33 
a  68 


a44  i  a84 


2. 

1. 


2.28 
1.55 
a  27 

a  41 

71 
.06 

a  34 

2.46 
1.37 
1.01 

an 

1.58 

a  07 
2.m 


5.W) 
4.15 
8.56 
4.16 
a  17 
5.81 
6.04 
2.07 
a  81 
5. 36 
.98 
1.12 
2.15 


2.33  I  a91 


2.88 
10.  .^ 
1.43 
1.78 
2.89 
2.40 
a  72 
a  29 
2.82 
a  89 
2.48 
6.10 
8.38 
2.95 


4.48 
4.71 

a  (I) 

.74 
2.59 
6.20 
a  76 
2.33 
a  91 
5.74 
2.74 
5.01 
4.42 
5.88 


a  46 
5.56 
3.76 


1 


a  47 

1.72 
2.35 
6.23 
1.27 
a  33 

a  06 


14 
97 

99  I 
57 
16  < 

a  16 
23i 
80  j 
7.13  ' 
5.58  I 


l.HO 
2.  .51 
a  74 
5.(15 
1.50 
2.26 
1.49 
a  44 
4.20 
.52 
1.64 
6.82 
2.16 
a  34 


0.63 
2.66 
1.11 
4.94 
6.42 

a  80 


1.63 
.72 
70 

5:4 

51 
74 
47 

:« 

29 

50 
2.55 
4.29 

4.88 

a  68 


aoB  a96 


2.11 
2.37 
2.58 
1.06 
1.86 
1.51 


a26  1.92 


2.54 

4.:fr 

2.97 
2.29 
1.37 
a  44 
4.a5 

a9(» 

2.70 

a(fi 
1.2:^ 

1.14 
1.98 
1.18 


4.00  '  2.90  2.71  ,  2.61 


2.10 
2.61 
.').64 
4.36 
2.50 
a  71 


J^.80 
31.28 
30.26 
45.(15 
44.97 
»7.18 


aSO  I      39.25 

I 


4.:ff 
].5:i 
4.07 
3.66 
4.13 
1.08 

aw 

1.95 
1.72 
a  02 
5.98 
4.05 
a  06 

a;# 


37.24 
51.93 
42.40 
3».«7 
:i5.61 
:*.96 
37. 55 
37.55 
:«.(« 
34.  W 
:S8.fl8 
4:^.78 
46.75 
:«..50 


a84  I      39.91 


27    WILLIAMSPORT,  PA. 


imo. 

I90U. 
1901. 
1902 
\9H. 
1904. 


Moan. 


1. 
2. 
1. 


46 
81 
40 
a  61 
a  44 

a  64 


an 
a  72 

.66 
4.81 

a  24 

1.10 


I 


4.36 

a  68 
a6:i 

4.05 

a  96 

5.11 


I 


2.64  ,  2.87  :  4.12 


1.71 
.81 
5.57 
2.43 
a  67 
a  63 

2.07 


2.36 
2.36 

6.:m 

1.45 
1.88 

5.28 


4.25 
2.80 
2.90 

h.m 

5.49 
a  07 


2. 

2. 


00 
57 
a  29 
6.02 
(J.  08 
5.60 


4.15 


2. 

1. 

5. 
2. 


80 
18 
60 
05 
13 


2.94 
1.01 
a  21 
5.66 
1.4:^ 
2.60 


a  26 

2.13 

4.63 

2.36 

a  26 

2.15 

1..W 

i.m 

5.  Mi 

2.10 

1.31 

a  74 

4.22 

2.:« 

2.S5 

2.24 

.51 

2.«:j 

36.96 
29.94 
42.31 
42. 47 
4:1 64 
37.53 


a5J8     4.05  ,  4.26  .  a52     2.81  ,  2.6:^     2.02     a(>4         :*<.K1 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.  109. 


Monthly  and  annual  preeipitation  at  stations  in  Susquehanna  drainage  bcwtn— 

Continaed. 

20.  EMPORIUM,  PA. 


lYear. 

Jan. 

Feb. 

4.66 
3.77 
5.01 
3.08 
.50 
8.68 
3.20 
1.47 
3.06 
2.85 
1.08 
8.23 
5.21 
3.00 

3.24 

Mar. 

5.12 
3.87 
2.00 
1.24 
1.60 
4.36 
4.03 
5.80 
4.00 
4.60 
3.01 
8.78 
4.84 
6.18 

Apr. 

May. 

June.  July. 

Ang. 
5.40 

Sept 

Oct. 

3.48 

Nov. 

Dec. 

An- 
nual. 

1801 

3.47 
3.20 
3.11 
3.85 
4.70 
1.17 
2.30 
4.54 
2.01 
8.16 
2.65 
2.27 
4.07 
3.04 

2.38 
1.64 
4.21 
3.80 
2.63 
1.88 
3.40 
2.60 
2.57 
1.20 
5.03 
3.32 
2.76 
4.74 

1.06 
7.38 
4.00 
0.45 
3.06 
3.36 
3.42 
4.21 
3.02 
8.46 
6.74 
2.20 
1.87 
3.28 

4.45 
6.13 
4.88 
8.06 
4.05 
6.75 
2.04 
3.00 
3.32 
2.43 

8.46 
2.67 
2.37 
2.00 
8.06 
6.11 
5.28 
4.18 
4.32 
4.48 

1.17 

4.01 
3.24 
2.05 
1.81 

4.96 

.94 

4.1/7 

2.03 

48.47 

1802 

3.02     2.78  '  1.35 

40.(fe« 

1803 

8.00 
1.37 
2.06 
1.62 

2.10  >  3.86 
5.26    8.94 
2.80     1.82 
5.60     3.31 

42.  t^ 

1804 

41- SC 

1895 

2.60    3.37 
3.60  1  1  82 
5.13'  4.20 
a37     2.66 

84.16 

1806 

42.35 

1807 

2.13  ;  2. 73 

.94 
6.24 
2.21 

3.84 

38.  MO 

1808 

5.87 
3.78 
3.60 

1.80 
4.80 
1.36 

46.67 

1800 -_. 

1000 

2.88 
5.05 
2.04 
1.72 
8.67 
.64 

4.80 
2.08 
5.22 
5.O0 
2.88 
2.80 

4a  SB 

38.00 

1001 

4.30    4.07 
7.15  12.35 
5.44  ;  8.42 
5.11  '  5.46 

1 

6.20  .  4.05     1.2S 

46.60 

1002 

2.40 
5.02 
4.13 

2.08  :  2.06 

48.  .'S 

1008 

1004 

1.56 
4.60 

4.08 

2.  OB 

HI  IT 
45.23 

Mean 

8.18 

4.00 

3.02 

4.14 

4.57 

5.16 

8.68 

1  8.14 

2.86 

8.06  ,8.42 

i 

43.45 

81.  LOCK  HAVEN,  PA. 


1801... 

1802... 

1808... 

1804.. 

1806.. 

1806.. 

1807.. 

1808... 

1890.. 

1000.. 

1001... 

1002.. 

1908... 

lOOi... 


Mean. 


4.21 
4.86 
2.71 
1.77 
4.78 
.85 
1.67 
4.11 
2.16 
2.40 
2.32 
2.70 
3.73 
3.66 


2.00 


4.21 
1.37 
5.28 
3.67 
1.00 
4.44 
2.67 
1.51 
8.72 
4.04 
.80 
3.50 
2.90 
2.33 

2.07 


4.06 
4.78 
2.26 
.84 
1.60 
4.05 
3.17 
5.02 
3.27 
3.42 
4.11 
4.08 
3.07 
4.00 


3.61 


1.48 

1.85 

5.14 

6.05 

4.40 

a  41 

1.21 

4.01 

0.66 

3.02 

a  72 

1.84 

4.72 

4.80 

2.51 

a  34 

2.82 

a  70 

5.81 

[8.10] 

3.52 

2.06 

5.51 

a  46 

.70 

2.36 

4.84 

2,83 

a  27 

a  18 

1.02 

1.40 

3.67 

5.16 

a  60 

5.46 

2.00 

4.65 

2.72 

5.14 

a  04 

ao8 

2.24 

4.10 

3.46 

a  76 

4.00 

.86 

1.06 

3.30 

8.80 

2.16 

5.05 

a  57 

1.20 

.04 

1.53 

a  08 

4.45 

.65 

5.67 

7.42 

3.53 

a  21 

a  54 

4.38 

5.01 

.70 

6.12 

a  84 

1.86 

4.62 

2.81 

1.60 

7.44 

5.84 

a  37 

a20 

4.52 

8.66 

2.78 
4.33 

2.02 
4.22 

4.00 

1.96 

2.80 

3.22 

4.32 

a  29 

2.81 
.38 
2.67 
5.73 
1.35 
4.44 
.77 

a  10 

.43 
4.02 
1.37 
a  03 
a  76 
1.02 


2.88 


2.82 

4.44 

a  34 

1.35 

1.00 

2.14 

1.00 

a73 

2.48 

a  46 

2.64 

1.02 

4.08 

2.60 

2.24 

2.14 

a26 

a  66 

4.05 

1.70 

2.90 

a  72 

1.06 

4.27 

1.67 

2.37 

.48 

2.83 

2.56 

2.05 

1 

45.  iM 
40.79 
38.13 
45.18 
31.97 
87.83 
SO.  OH 
30.  le 
85.:i4 
8a23 
47.97 
47.  (R 
45.34 
3B.(«< 


40.18 


88.  LEWISBURG,  PA. 


1801 

1802 

1808 

1804 

1805 

1806 

1897 

1898 

1800 

1000 

1901 

1902 

1908 

1904 

Mean. 


a  00 

0.42 

2.00 

a  75 

a40 

4.55 

4.18 

.23 

2.85 

[a  11] 

1.74 

a20 

1  36 

2.06 

a  00 

a  02 

2.54 

4.22 

4.11 

1.20 

a  62 

1.30 

a  66 

a  58 

4.72 

2.52 

2.01 

2.08 

4.21 

0.68 

.08 

a  76 

1.53 

a  40 

4.86 

1.35 

a  26 

4.08 

.65 

a  05 

a  02 

10.60 

a  85 

1.16 

a  86 

2.12 

a  40 

4.86 

a  73 

a  21 

2.21 

a  47 

a  61 

a  76 

a  41 
a  25 

2.60 

a  18 

a  05 

a  02 

2.40 
a94 
1.61 
1.86 
2.96 
a  35 
4.76 
2.38 
2.88 
4.24 
1.75 
1.80 
1.60 
.72 


2.74 


4.40 
.70 
[8.48] 
4.06 
4.00 
1.29 
a94 
2.44 
a9B 
2.38 

aoo 

4.96 
2.00 
1.79 


49.  n 
41.25 
4S.88 
44.011 
35.24 
41.04 
40.80 
47.13 
41.12 
3a  95 
50.61 
fiS.44 
47.10 
3a  99 


a3i ,  4a86 


34.  GIBARDVILLE,  PA. 


1800 

1900 

1901 

1002 

1008 

1004 

Mean. 


2.76 

a  60 

4.85 

2.02 

a  53 

a  40 

4.00 

2.65 

a  63 

a  50 

.04 

1.20 

a  70 

aoo 

2.48 

1.06 

a  68 

2.62 

a  60 

1.30 

a  21 

4.22 

a  45 

a  80 

a  57 

1.31 

7.70 

a  02 

4.28 

a  86 

4.72 

4.23 

2.28 

7.06 

a  10 

a  78 
a  70 

2.01 

a  30 
a  42 

a  42 

4.01 

a  05 

4.26 

4.76 

2.78 

aoo 

a  35 

a  10 

7.40 
4.77 
12.05 
2.83 
a  15 
4.04 

a  04 


a  65 

1.02 

2.68 

4.10 

52.13 

1.22 

a  82 

an 

a  03 

42. 7H 

4.20 

2.81  '  2.51 

7.87 

51.34 

,  a44 

ao2   1.00 

7.04 

81.79 

1  ao5 

a  75 

1.87 

4.83 

57.16 

a  60 

[4.16] 

2.55 
2.54 

[6.30] 

54.36 

6.01 

4.16 

aso 

6a  25 

HOTT   AND*! 
ANDEBSUN.  J 
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Monthly  and  annual  precipitation  at  ntations  in  Susquehanna  draiiiage  basin — 

Continued. 

85.  SELINSGROVE,  PA. 


Year. 


18»4. 
18&5. 
IKW. 
1H»7. 
1898. 
18»9. 
lOiW. 
1901. 
1902- 
19KJ. 
1904. 


Mean. 


Jan. 

Feb. 

4.70 

8.09 

5.13 

.88 

2.78 

5.63 

1.22 

3.87 

[2.881 

1.86 

.90 

5.71 

1.85 

3.26 

4.  OH 

2.06 

1.76 

4.87 

2.60 

3.50 

2.«i 

.80 

3.28 

3.28 

4.20 

4.84 

3.99 

3.76 
8.86 

2.96 

Mar.  Apr.  May.  Judo 


8.39 
8.92 
3.57 
1.09 
2.92 
4.04 
3.74 
3.87 
4.58 
3.69 
4.11 
5.08 
3.29 
3.36 


1.82 


1. 
4. 


60 
64 
5.45 
2.55 
1.16 
3.25 
2.98 
1.37 
1.16 
3.73 
3.28 
4.39 
3.70 


i  1.36 
6.25 
6.85 
10.  OB 
3.26 
2.40 
4.74 
5.28 
4.45 

.72 
7.73 

.94 
1.78 
6.27 


4.74 
8.18 
4.44 
2.40 
3.39 
2.49 
2.62 
1.61 
4.04 
2.09 
2.50 
8.11 

m    mm 

8.02 


8.96     2.9B  {  4.43     4.09 


July.  I  Aug.  I  Sept 


6.69 
4.77 
2.32 
1.20 
2.54 
6.36 
5.08 
5.63 
2.42 
3.74 
5.59 
4.79 
4.39 
5.04 


7.18 
3.17 
4.07 
2.47 
4.58 
2.18 
1.88 
6.86 
4.63 
2.5W 
8.50 
1.09 
4.91 
2.53 


4.12 
3.29 
3.12 
4.25 
1.53 
3.81 
2.56 
.91 
4.72 
1.59 
3.52 
5.16 
3.01 
4.68 


4.33     4.07     3.80 


Ort. 


4.46 
.87 
4.21 
5.58 
1.80 
4.36 
1.89 
6.22 
1.58 
3.65 
1.34 
4.90 
3.72 
2.40 


No^  P«'     n'^al. 


a82 


3.85 
4.30 
2.40 
2.08 
1.50 
3.47 
6.35 
2.90 
8.26 
8.89 
66 
54 
53 
70 


I. 
1. 
1. 


3.97 
1.90 
2.75 
3.76 
3.06 
.73 
8.56 
2.72 
2.61 
2.18 
4.84 
4.26 
8.98 
2.45 


54.37 
4.3.76 
46.78 
43.40 
31.27 
37.61 
40.78 
45.12 
40.24 
31.28 
46.35 
46.21 
47.61 
41.90 


2.82    8.06  1      42.64 


86.  CENTERHALL,  PA. 


1895 1[2.a0] 

1896 i  2.18 

1897 2.20 

\fm t  3.89 

1899 ;  2.07 

1900 1.95 

1901 1[2.30] 

1902 '  1.50 

1903 [2.30] 

1904 j  2.90 

Mean !  2.86 


3.48] 

3.43] 

4.17 

1.16 

4.54 

4.00 

[3.43] 

3.43] 

8.21 

2.07 


8.80 


[4.32], [2. 27] 


3.7< 
5.06 
5.16 
4.42 
8.58 


1.41 
3.84 
2.60 
.88 
1.52 


4.82]  [2.27 
4.32]  [2.27 


3.90 
4.91 


4.38 


3.35 

5.18 


[3.56] 

2.00 

I  5. 79 

,  4.87 

I  5.66 

1.92 

[3.56 

3.56 

1. 10 

2.88 


\m 


5.70 
4.06 
4.03 
2.89 
3.05 
3.70 
([4.43] 
t4.43] 
7.59 
3.79 


2.56     3.44     4.37 


4. 

2. 


3.60 
5. 66 
96 
86 
36 
3.48 
5.45 
[4.04] 
3.91 
5.72 


4 

1 
2 
7 
3 
2 
11 


70 

26 

4:^ 

37 

79 

56 

:^0 

[5.  Of)] 

6.61 

3.01 


4.20     4.80 


2.10 

1.20 

6.23 

3.92 

4.06 

1.78 

1.26 

6.70 

3.90 

2.12 

.88 

[3. 17] 

2.73 

.71 

f.3.041 

5.20 

3.19 

3.75 

1.26 

[3.17] 
3.17 

2.86 

2.33 
3.11 
5.43 
60 
96 
,57] 
2.46 
.80 
1.89 
[2.67] 


1. 

[2. 


2.5; 


3.94 

1.63 

4.19 

3.90 

3.87 

3.23 

3.23, 

3.231 

1.84 

1.32 


3.04 


80.45 

38.66 

47.96 

45.26 

38.62 

:i2.65 

46.191 

40.82] 

42.64 

38.28 


41.05 


88.  STATE  COLLEGE,  PA. 


1891 

1H82 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1908 

1904 

Mean 


4.11 

5.29 

3.98 

1.73 

1.94 

6.71 

1.75 

3.89 

4.18 

.22 

1.40 

4.10 

2.21 

3.19 

4.40 

1.14 

2.60 

8.42 

1.65 

8.80 

1.82 

.73 

3.02 

2.92 

3.50 

8.61 

2.72 

8.28 

2.81 

8.01 

4.07 
8.78 
1.88 
1.14 
1.08 
2.82 
4.53 
5.63 
4.23 
3.81 
3.71 
4.91 
4.18 
4.04 


a55 


1.47 
2.09 
5.13 
3.a5 
2.28 
1.47 
3.78 
29 
71 
98 
62 
3.13 
3.81 
5.42 


1. 
1. 
4. 


8.07 


1.94 
5.79 
6.46 
9.45 
2.21 
1.37 
4.13 
4.28 

4.n 

2.30 
6.14 
.92 
1.24 
2.10 


4.24 
7.38 
3.94 
4.60 
6.74 
5.02 
3.0!^ 
3.53 
2.41 
2.54 
2.46 
6.71 
7.28 
4.19 


5.65 
3.28 
4.10 
2.10 
3.11 
5.56 
60 
95 
14 


3. 36 
3.60 
5.76 
4.(H 


6.30 


5.40 
5.78 
3.14 
2.13 
3. 70 
1.56 
3.39 
4.70 
2.76 
2.95 
8.97 
1.37 
6.85 
1.74 


2.20 
2.24 
2.22 
5.78 
1.75 
5.02 
3.60 

3.84 

2.35 
2.59 
2.61 
1.86 


8.79  \  4.58     4.12 


3.89 


2.69 


4.38 
.28 
3.23 
3.13 
1  03 
3.29 
1.45 
6.51 
1.40 
3.22 
.40 
4.25 
3.51 
2.18 

2.73 


2.98 

4.08 

3.62 

1.07 

8.04 

2.26 

1.69 

3.14 

1.74 

2.75 

3.11 

1.04 

5.26 

3.18 

2.28 

3.07 

3.06 

2.53 

4.10 

\.n 

2.06 

6.50 

1.44 

4.82 

1.89 

1.67 

.42 

1.78 

2.61 

2.84 

45.81 
40.98 
43.05 
42.05 
30.60 
85.76 
43.44 
41.71 
84.87 
31.65 
43.45 
41.84 
44.10 
36.08 

80.60 


39.  GRAMPIAN,  PA. 


1895 

1H96 

1897 

.^.19 
1.22 
2.15 
3.81 
3.12 
3.21 
2.03 
2.42 

0.96 
3.57 
2.78 
2.06 
3.08 
3.63 
1.96 
1.84 

1.90 
4.02 
4.25 
8.40 
4.42 
3.64 
1.88 
2.87 
4.80 
6.06 

3.81 
2.40 
4.14 

2.;« 
2.20 

4..\n 

2.87 
5.76 
.S  14 

2.85 
8.83 
7.02 
3.41 

.3.08 
3.98 
2.46 
4  12 

2.20 
4.45 
3. 16 
1.54 
3.00 

[2. 75] 
2.95 

[2.75] 
1.98 

1.26 
2.62 

.68 
5.21 
1.56 
3.38 

.36 
[2.43] 
4.55 

2.  .57 
3.28 
6.04 
3.55 
2.31 
4.71 
[3.74] 
3.74 
3. 74 

3.48 
1.82 
4.57 
3..W 
3.96 
2.4(J 

[3.30] 
3.30 

[3. 30: 

'  :«.5'> 
44.13 
44.94 

I'm 

2.30  ^  3.»)     5.(» 

I    46.29 

1x99 

1.67 
1.36 
5.22 
3.71 
3.72 

5. 34     3. 00 

3.84     3.54 

'    38.79 

1911) • 

1901 

2.77 
3.51 
2.81 

[4. 13] 
4.13 
4. 13 

[5. 18] 

5. 18 

[5. 18' 

5.15 

[3.76] 
4.22 

[3.76] 
4.94 

;  40.86 
38.40 

19(12 

[:^8.94] 
47.29 

19rj3 

[2.80]    4.64 

2.51     4.98 

1904 

5.  io 

3.00 

3.26 

1 

Mean 

8.18 

2.76 

4.23 

3.15 

4.13 

5.18 

3.76 

2.76 

2.48    3.74 

1 

8.30 

41.86 

o  No  record. 
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HYDBOORAPHT    OK   SUSQUEHANNA    BASIN. 


[NO.   109. 


Monthly  and  annual  j^eeipitation  at  stations  in  Susquehanna  drainage  Cmmm 

Ck>iitiimed. 


40.  ALTOONA.  PA. 


Year. 

r 

Jan.   Feb. 

Mar.  Apr. 

May.  Jane.,  July. 

1 

i  Ang.  Rdpt. 

1 

Oct. 

2.54 
.10 

Nov. 

Dec. 

An- 
nual. 

1891 

2.35  .  4.S0 

2.64     1.89 

1.97 

7.78 

8.90 

a  18 

2.96 
2.02 
a  18 
1.64 
1.70 
2.U8 
a76 
4.46 
a  90 
5.84 
1.12 
5.08 
1.60 

2.71 
1.04 
1.86 

,5.25 
2.28 

.  6.0B 

2.80 

.76 

a  82 

1.48 

:  2.20 
1.56 
1.9B 
1.78 

1.80 
2.60 

2.06 

[2.64) 
2.15 

2.a» 

2.60 
.80 
2.17 
2.67 
2.70 
1.60 
4.90 
5.87 
1.50 
1.98 

37.  n 

1892 

2.08 

1.65 

.99 

3.22 

.87 

1.67 
3.2i 
1.82 
.17 
1.9i 

2.87  ,  1.66    5.85 
1.06    a48    4.67 

5.88    2.60 
2.94    2.60 
2.66     1.01 
a75  '  1.75 

31.10 

1893 

2.71     1.48 
1.77  ■    .74 

3nL« 

1804 

.80 
1.05 
1.77 
8.44 
6.81 

1.69  <  9.32 
2.16  .    .80 
1.88     2.70 
2.91     2.62 
2.22     6.55 

8I.S3 

1895 

.55 
1.66 

.n 

7.44 
1.28 
a68 
.60 
4.86 
a86 
1.48 

1.80 
2.  SO 
4.81 
2.14 
2.80 
4.54 
2.  OB 
1.06 
1.82 
.68 

fl.lT 

1896 

7.69 
2.44 

1.99 
1.79 
2.53 

4.22 

a  22 

1.91 

a67 

3.25 

3a44 

1897 

.95  !  2.09 
4.05  '  1.28 
2.41     3.83 
2.21     3.65 
1.89  '     .78 
2.86  1  2.60 
3.84     4.59 
3.03     2.80 

1898 

40.92 

1899 

4.79  ,  1.64  .  6.62 
8.12     1.22    8.91 
4.07    6.28  1  6.85 
8.96  1  5.80     1.80 
4.88     2.99     2.63 
4.12     4.40     2.99 

88.85 

1900 

84.84 

1901 

4.04  .  5.88 

4a  85 

1902 

4.95 
4.84 
3.09 

6.88 
4.51 
4.68 

41.88 

190» 

40.07 

1904 

82.10 

2.42 

8.10 

1 

Mean 

2.81 

2.76    4.01 

a96  a57 

ao7 

2.61 

2.29 

2.16 

8.00 

34.68 

41.  HUNTINGDON,  PA. 

1891 

1892 

3.68     3.84     4.48     1.92     1.84 
4.22  1  1.86  ■  6.11     2.29     6.24 
2.10    5.27     2.07  1  4.61     7.79 
1.82     3.44     1.07  1  3.19  1  9.20 

4.24 
6.44 
2.37 
a66 
4.78 
7.93 
4.27 
2.07 
2.48 

2.n 

1.59 
7.18 
6.82 
6.42 

4.49 
a48 
2.39 
1.57 

ai5 
a6o 
a  18 

2. 06 

a  68 

1.88 
5.20 
4.80 
4.84 
7.61 

aso 

4.  OB 

a49 

1.26 
1.46 
2.29 
a  88 
4.68 
4.96 
1.78 
5.68 
1.72 
6.43 
4.88 

a  52 

2.07 
2.81 
afiO 
7.66 
1.26 
7.42 

a  81 

.67 

a57 

.64 
2.40 
a  21 

a  02 

.84 

ai8 

.12 
a  70 
2.98 
1.00 
2.24 
1.74 
6.64 

.40 
2.61 
1.60 
5.07 
a64 
1.01 

2.80 

a  04 

2.46 

1.81 

1.07 

a04 

5.16 

2.02 

a  25 

4.88 

.04 

.06 

1.83 

.61 

4.18 

>  1.65 

.2.46 

4.21 

2.00 

.76 

a  10 

2.41 
2.00 
1.08 
5.61 
5.60 
1.40 
1.78 

39.96 
41.19 

1898 

42.21 

1894 

41.68 

1895 

5.16       .46     1.42 
2. 13     2.99     3.82 
1.65  '  4.69     8.95 
4.60  .  1.12  ,  4.79 
2.10,3.49     4.55 
1.07  '  2.68     2.61 
1.82      .67,3.80 
2.44     2.98     6.24 
3.80     6.38     4.13 
3.07     2.39     4.rj0 

1.97 
1.85 
3.86 

a  01 

2.66 
4.69 

27.82 

189H 

40.13 

1897 

4a  OS 

1898 

1.78     4.60 

37.26 

1899 

1.07 
2.64 

a83 

an 

36.08 

1900 

aa85 

1901 

4. 18     5. 19 

87.68 

1902 

a  79 
a  04 
4.05 

1.80 
1.76 
2.41 

44.29 

1903 

45.60 

1904 

80.47 

2.79     2.95 

1 

Mean 

a67 

2.87  ;  4.11 

!    . 

4.46 

a  68 

a  08 

2.06 

2.85     2.86 

1 

38.80 

42.  HARRISBUBO,  PA. 

1891 

1892 

1893 

1894 

1895 

1806 

1897 

1898 

1899 

190[) 

1901 

1902 

1903 

1904 

4.73 
5.14 
2.05 
1.77 
3.80 
!.(« 
1.60 
3.23 
2.27 
2.07 
1.83 
3.28 
8.67 
8.11 

2.82 

3.31 
1.02 
4.66 
4.66 
.64 
5.48 
2.77 
1.60 

3.n 

8.40 
.68 
5.49 
4.19 
1.54 

4.25 

4.81 
1.97 
1.80 
1.94 
a  86 
2.87 
a  04 
a  69 

a  00 
a  60 

2.98 

a76  1 

2.72 

1.70 
2.15 
a  67 
2.27 
a  67 
1.19 
2.53 
1.95 
1.16 
1.43 
2.88 
2.78 
a  24 
2.07 

2.83 

i.n 
a  95 

5.32 
6.07 
1.98 
2.99 
5.80 
6.13 
4.49 
1.88 
5.98 
.29 
.46 
a  46 

a  76 
4.93 
2.46 
a25 
1.66 
a  82 
1.83 
1.98 
2.98 
2.88 
1.13 
4.76 
6.63 
a  99 

8.40 
6.48 
1.92 
1.89 
1.16 
6.82 
a  68 
6.07 
1.90 
a  14 
1.62 
a  68 
1.76 
4.76 

6.20 
2.89 
a69 
4.08 
2.86 
1.45 
a  18 

a  44 

4.85 
4.72 
2.99 
2.26 
5.82 
2.95 

a88 

1.76 

a  31 

1.74 
6.63 
2.18 
1.81 
1.80 
2.08 
4.25 
1.41 
2.16 
4.01 
1.95 
1.69 

2.87 
.15 
a25 
4.60 
1.68 
a46 
1.85 
6.26 

.78  ; 

1.25 
1.16 
5.81 
2.62 

2.78 

1.95 
4.15 
2.54 
LOO 
1.72 

aao 

4.09 

ai6 

2.18 
2.60 
1.29 
1.40 
.88 
.54 

an 

1.17 
1.01 
&84 
&8B 
.40 

aa 
ai6 

1.8B 
1.02 
4.75 
4.57 
1.02 
2.80 

4a  40 
30.65 
85.18 
40.56 

aa(tt 

85.(16 
83.66 
46.00 

aaoH 

28.94 
29.81 
80.35 
85.90 
81.90 

Mean 

1 

8.06 

a  18 

a54   a22 

1 

a  69 

2.51  1  2.60 

1 

2.27 

2.67 

85.62 
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Af€miiily  and  anuwtl  precipitatum  at  statiatit  in  SttHtfuehamtn  draimtge  InxHin 

Con  tinned. 


48.  LEBANON,  PA. 


Tear. 

Jan. 

[5.80] 

Feb. 

Mar. 

Apr. 

2.19 

May.  June. 

! 

aoo '  a4o 

July. 

Ang. 

Rept. 
1.07 

Oct. 

a  14 

Nov. 

Dec. 
4.34 

An- 
nual. 

IHBI 

1 
8.88  ''  5.80 

a70  '  5.06 

2.44 

47.27 

iHie. 

6.27       .95     4.91 

2.22 

5.14 

4.75 

4.75  ,  a80 

a68 

.29 

4.55 

1.96 

48.22 

iHsa 

2.10    5.67     2.6!i 

a  67 

8.06 

2.21 

2.67     5.80 

a  79 

a95 

a  42 

2.35 

45.81 

1*«4  

2.17     4.28     1.4M 

4.77 

9.45 

1.91 

4.42     4.17 

5.47 

a  14 

2.57 

4.17 

50.95 

lt«5 

4.  TO 

.87     2.49 

5.10 

1.85 

1.88 

2.10 

1.97 

l.»2 

2.31 

1.95 

4.14 

80.68 

1H96 

1.11 

6.81  >  5.29 

1.29 

4.54 

4.51 

a  88 

.56 

2.92 

4.70 

4.76  ,    .68 

4a«l5 

IHK 

2.86 

8.75    &46 

a  51 

6.52 

aoo 

5.89 

2.51 

1.57 

2.36 

5.76     4.05 

44.64 

1H98 

4.2r 

1.60     8.20 

a  IK 

7.90 

l.«) 

a  58  10.43 

.99 

5.88 

5.54     a  41 

50.  n 

IMU0 

3.67 

6.16  1  5.21 
5.60    2.94 

1.51 
2.08 

4.58 
2.18 

5.54 
a  64 

1.91     a  18 
5.48    4.26 

a  20 

1.84 

.95 
1.85 

2.60  ,  1.75 
2.85  1  2.3R 

42  20 

i«ri» 

2.81 

37.22 

i«>i 

2.46 

.84     4.86 

4.02 

6.05 

a  24 

a  61     8.66 

a  65 

1.40 

1.39 

a  35 

46.08 

l«JB 

8.62 

5.67 

4.79 

a  38 

.48 

6.18 

4.21  ;  5.49 

4.43 

5.9Si 

1.45 

7.46 

58.04 

19IJ8 

4.68 

5.95 

4.65 

a6i 

.94 

6.08 

a94  '  7.28 

2.55 

4.48 

1.28 

3. 15 

48.65 

1904 

a58 
8.50 

2.22 

a  50 

2.48 

5.60 

5.22 
a  78 

RK,  I 

a98 

a  81 

2.50 

ao6 
a  10 
a  92 

2.42 
1.08 

5.89    5.66 
4.63    4.87 

>A. 

a  81 

a  06 
a  25 

1.68 
a  01 

2.71 
a  40 

45.26 

Mean 

a72 

a87 

ao6 

4.72 

16.  YO 

2.89 
4.10 
6.58 
4.40 
2.78 
2.58 
6.61 
6.R6 

ao9 

44.91 

i 

1801 

3w65    &S7    6.07 
6.06      .10    8.94 
1.76     4.76     1.76 
1.34  !  4.20     1.58 
4.08      .98     2.50 
.94     4.88     4.20 
1.55     4.59  1  2.51 
a67     1.15    3.00 

2.01 
1.70 
4.87 

4.48 

a  74 

1.45 
a  42 
2.71 

10.77 

a  60 

1.58 
2.22 
1.41 
4.00 
a  69 
a  47 

a29 

2.81 

a  40 

2.98 
2.41 
1.05 
4.04 
6.44 

1.88 
2.66 
1.57 
9.16 
4.01 
2.54 
2.T8 
1.82 

a20 

.14 

a  08 

4.24 
2.88 

a  44 

2.80 
4.81 

2.18 
4.44 

a  55 

2.00 
1.80 

aoo 

5.60 
4.75 

4.20 

ai8 

2.22 

a  90 

a38 

.45 

a  87 
a  58 

46.94 

lass 

40.50 

1808.  

87.08 

1804 

43.60 

1806 

32.40 

1806 

32.40 

18B7 

48.22 

18QB 

42.84 

1«» 

a61     6.64 

5.16 

1.28 

5.71 

a54 

5.82 

a  76 

a  07 

.92 

a6e 

1.18 

49.78 

1900 

2.12  ,  4.62 

a  08 

1.85 

1.85 

4.81 

2.85 

4.09 

a  18 

1.51 

2.81 

2.52 

34.30 

1901 

2.72  1    .58 

a94 

2.51 

2.55 

1.65 

a  88 

a  27 

2.86 

1.59 

2.60 

a  17 

36.  (K 

IflflB 

2.78    6.74     4.80 

a  41 

1.24 

5.15 

5.74 

4.22 

4.12 

a  40 

2.89 

a  15 

63.09 

1908 

4.67  ;  6.18  ,  4.72 

a  21 

1.18 

6.21 

4.01 

a  96 

2.72 

a  51 

1.80 

2.90 

48.11 

1904 

4.89 

1.08     2.98 

(") 

a66 

a  74 

a  47 

4.85 

4.21 

"" ' 

Mean 

ao9 

a  58 

2.74 

a  45 

2.87 

a  18 

a  24 

41.66 

a  No 

record 

• 
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HYDROGRAPHY    OF   SUSQUEHANNA    BASIN. 


[NO.   109. 


FTX>OD8. 

During  tlie  last  ceutury  there  have  been  several  great  floods  on 
Susquehanna  River,  the  most  notable  of  which  are  those  of  March, 
1865;  June,  1889  (the  Johnstown  flood);  May,  1894,  and  March,  1904. 

The  flood  of  1865  was  the  result  of  the  rapid  melting  and  passing 
away  of  a  large  quantity  of  ice  and  snow  which  had  accumulaU^d 
during  an  exceptionally  severe  winter.  The  amplitude  of  this  flooil 
was  probably  increased  by  ice  gorges.  No  information  in  regard  to 
the  height  of  this  flood  has  been  obtained  except  that  at  the  junction 
with  the  West  Branch  the  river  was  2  feet  higher  than  during  the 
June  flood  of  1889;  and  the  old  residents  along  other  portions  of  the 
main  river  state  that  this  flood  was  approximately  the  same  as  the 
June  flood  of  1889. 

The  flood  of  June,  1889,  caused  by  the  heavy  rainfall  of  May  30  to 
June  1,  probably  exceeded  any  flood  Which  has  ever  occurred  on  this 
stream.  Being  in  the  summer  months,  it  was  not  augmented  by  ice 
gorges,  and  therefore  illustrates  the  normal  effect  of  high-water  con- 
ditions. The  table  below,  taken  from  the  report  of  the  Chief  of  Engi- 
neers, U.  S.  Army,  shows  the  extent  and  duration  of  rainfall  within 
the  limits  of  the  West  Branch;  it  was  upon  the  high  table-lands  of 
this  portion  of  the  basin  that  the  heaviest  precipitation  took  place. 

Rainfall  over  drainage  area  of  West  Branchy  May  30  to  June  1,  1889, 


Station. 


County. 


Siglerville 

Hollidaysburg 
State  College  , 
Lewistown  . . . 
Huntingdon . . 
Philipsbnrg  _ . 

Grampian 

Emporium  ... 
Coudersport . . 
Selinsgrove... 
CharlesviUe  . . 
Williamsport . 

Ralston 

Mnncy 


Mifflin 

Blair 

Center 

Mifflin 

Huntingdon 

Center 

Clearfield  . . 

Cameron 

Potter 

Snyder 

Bedford 

Lycoming-. 

do 

do 


Storm  began— 


8  p.  m.  May  30-.. 

do ._ 

3.30p.m.  May  30. 

4  p.  m.  May  30. . . 

do 

do 

4.30p.m.  May30. 

5  p.  m.  May 30... 

6  p.  m.  May 30... 
do  .  

8  p.  m.  May  30... 

9  p.  m.  May  30_ . . 
1  a.  m.  May  31... 
3  a.  m. May  31... 


Storm  ended— 


Dnra-I  Rain- 
tion.  '  fall. 


1  a.  m.  June  1 . . . 

3  a.  m.  June  1 

do 

2  a.  m.  June  1 . . . 
do 

3  a.  m.  June  1 . . . 
11.30p.m.  MaySl 

11  p.  m.  May  31.. 

12  p.m.  May  31.. 
3  a.  m.  June  1... 
3  p.  m. May  31... 
5  a.  m.  June  1 . . . 

12  m.  June  1 

1  p.  m.  June  1 . .  . 


Hrs. 

34 
36 
87 
34 
84 
35 
82 
82 
80 
83 
36 
32 
32 
84 


/lur. 

6.10 
5.04 

7.50 
6.09 
8.60 
5.97 
5.40 
7.53 
7.60 


From  this  table  it  is  seen  that  the  average  duration  of  the  rainfall 
was  about  thirty-four  hours  and  that  the  average  depth  was  alx>ut  6.6 
inches.    Under  ordinary  conditions  about  50  per  cent  of  the  rainfall 


Fwt 


U.  t.  OeOLOQICAL  tURVCV 


WATCR-aulk^LV  PAKR  NO.  tOt     Px..  XI 


16Z 

168 
1&4 
160 

■ 

A 

146 

s 

— « — ^ 

I 

s 

J 142 

/• 
•  / 

1 

1 

•« 

•o 

s 

-^138 

' 

/• 

• 

1 

liW 

1% 

130 

• 

V 

1 

1<Mi 

/• 

IZo 

/ 

122 

/ 

( 

Current-meter  i 

neMurementt. 

i 

/ 

^ 

J  ce- float  measu 

rement  of  Mar. 

1.  1904. 

118 

J 

1 

^ 

) 

1                         1 

D                         1 

2 

14 

Mean  oe/oetty  in  ft.  per  aeo. 


CURVE  OF  MEAN  VELOCITY  FOR  SUSQUEHANNA  RIVER  AT  McCALLS  FERRY.  PA., 

CABLE  STATION. 


Fwi 


U.   S.  OEO(.OGICAL   SURVCV 


WATER-SUPI^LV   PAPER  NO.   1M      PU  XII 


26 

\ 

22 

20 



, 

18 
il6 

•S- 

S 

*19 

•• 

|.io 

8 

1 

/ 

4 

y 

/ 

2 

J 

/ 

y 

A 

A 

j/' 

\ 

^ 

k            "^  1 

i 

\          i 

\         \ 

i                     E 

\                    C 

k 

M9an  tnioclty  In  ftet  per  second 
CURVE  OF  MEAN  VELOCITY  FOR  SUSQUEHANNA  RIVER  AT  HARRISBURG,  PA. 
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in  the  Susquehanna  drainage  area  reaches  the  outlet  of  the  river. 
It  is  probable,  however,  that  under  extraonlinary  conditions,  such  as 
mentioned  above,  there  was  a  run-off  of  at  least  75  per  cent  of  the 
rainfall. 

Yarions  methods  of  estimating  the  maximum  discharge  of  the  1889 
flood  have  been  used,  perhaps  the  most  reliable  indicating  that  about 
59.'5,(X)0  second-feet  flowed  past  Harrisburg,  and  671, (XX)  second-feet 
past  McCalls  Ferry.  The  basis  of  these  estimates  is  shown  in  Pis.  XI 
and  XII,  the  other  methods  and  results  being  given  on  pages  177  to  180. 

Pis.  XI  and  XII  were  prepared  as  follows:  The  mean  velocities  for 
the  various  discharge  measurements  taken  at  the  respective  stations 
were  plotted  with  gage  heights  as  ordinates  and  mean  velocity  in  feet 
X>er  second  as  abscissa.  Through  these  points  a  mean  velocity  curve 
was  drawn  and  extended  to  reach  the  highest  gage  height  of  the 
flood.  This  curve  shows  the  mean  velocity  for  any  stage  of  the 
river.  The  crest  of  the  1889  flood  at  Harrisburg  was  27.1  feet 
above  the  low  water  of  1803  and  at  McCalls  Ferry  cable  station 
about  102  feet  above  mean  sea  level.  The  curves  show  that  the 
mean  velocities  for  these  heights  are  7.24  feet  per  second  and  11.90 
feet  per  second,  respectively.  At  each  of  these  stations  an  accurate 
cross  section  was  determined,  and  the  product  of  the  area  below  the 
flood  line  and  the  mean  velocity  for  that  gage  height,  as  taken 
from  the  extended  mean  velocity  curve,  gives  the  flow  of  the  river. 
In  this  method  of  estimating  flood  discharges  the  uncertainty  due  to 
the  area  of  the  cross  section,  as  when  the  discharge  curve  is  produced, 
is  eliminated.  A  stndy  of  other  mean  velocity  curves  made  in  this 
manner  shows  that  the  liability  to  error  in  the  mean  velocity  is 
comparatively  small,  and  it  is  probable  that  this  method  gives  a 
better  estimate  than  €?ither  Kutter's  formula  or  the  discharge  curve. 

The  result  is  a  maximum  flow  at  McCall  Ferry  about  13  per  cent 
greater  than  at  Harrisburg,  which  accords  with  the  assumption  that 
the  discharge  between  two  points  on  the  same  river  where  the  drain- 
age area  is  similar  should  increase  in  proportion  to  the  drainage  area. 
At  McCalLs  Ferry  the  drainage  area  is  11.4  per  cent  greater  than  at 
Harrisburg. 

The  loss  of  life  caused  by  the  flood  within  the  drainage  area  of  the 
West  Branch  was  78,  and  the  flood  relief  commission  disbursed 
nearly  1300,000  to  the  sufferers  within  this  district,  but  no  attempt 
was  made  to  secure  even  an  approximate  estimate  of  the  damage. 
The  flood  of  May,  1894,  near  McCalls  Ferry  was  2  or  3  feet  lower  than 
the  1889  flood. 

The  primary  cause  of  the  flood  of  March,  1904,  was  the  breaking  up 
of  the  ice  in  January  without  enough  water  behind  it  to  force  it  down 
the  river.     Gorges  were  formed  at  various  points  along  the  river  and 
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its  branches,  which  were  greatly  solidified  by  the  exceptionally  cold 
weather  in  the  following  month.  When  the  final  break  came  tJiese 
gorges  M'ere  still  further  augmented  and  acted  as  dams,  impounding 
the  large  quantity  of  water  which  was  so  destructive  to  property  along 
the  shores. 

On  March  0  and  7  there  were  heavy  rains  all  over  the  drainage 
area,  and  on  the  morning  of  March  8  the  floods  so  caused  be^aii  1o 
break  through  the  various  barriers.  It  finally  forced  the  big  gorg^es  at 
Highspire  and  Bainbridge,  wiping  out  islands  and  doing  much  damage 
in  its  course. 

After  the  flood  had  subsided  at  York  Haven,  the  gorge  moved  to 
Turkey  Ilill,  where  it  stood  for  several  hours  and  backed  the  water 
to  within  a  few  feet  of  the  Columbia  Bridge.  Between  1  and  2  p.  m. 
this  gorge  in  turn  gave  way  and  moved  to  Shanks  Ferry,  where  it 
gorged  for  the  last  time.  Although  it  held  here  for  only  a  few 
moments,  it  raised  the  wat«r  and  ice  6  feet  above  the  railroad  track 
at  Safe  Harbor,  completely  destroying  the  stone-arch  bridge  there 
and  leaving  ice  throughout  the  village  to  the  height  of  the  second-story 
windows. 

The  elevation  of  the  crest  of  the  flood,  as  shown  for  a  portion  of 
the  river  by  the  table  on  page  175,  varied  in  height  at  various  places 
along  its  course,  as  compared  with  the  June  flood  of  1889.  At  York 
Furnace  the  height  was  about  3  feet  greater;  about  a  mile  above 
McCalls  Ferry  it  was  practically  the  same;  at  McCalls  Ferry  station  it 
was  3  feet  lower,  and  at  the  head  of  CuUys  Falls  it  was  again  about 
the  same  height. 

There  came  down  with  the  flood  wave  a  large  amount  of  ice,  which 
varied  from  3  to  10  feet  in  thickness,  as  shown  by  the  blocks  left  on 
the  shores.  Owing  to  the  cross  currents  in  the  river,  the  greater  por- 
tion of  the  ice  went  down  on  the  York  County  side,  and  it  was  on  this 
side  that  most  of  it  was  left  piled  up  on  the  shores.  The  channel  on 
the  Lancaster  County  shore  soon  cleared  itself,  and  but  little  ice  accu- 
mulated upon  that  bank. 

The  gorge  at  Turkey  Hill  broke  about  2  o'clock  in  the  afternoon, 
and  at  3.30  p.  m.  the  water  reached  a  maximum  height  at  McCalls 
Ferry.  At  the  cable  station  it  was  161.3  feet  above  sea  level  on  the 
Lancaster  County  side  and  159.8  feet  on  the  York  County  side. 
Within  half  an  hour  from  the  time  the  maximum  height  was  reached 
the  water  had  fallen  from  2  to  3  feet,  and  on  the  morning  of  March  !< 
it  had  fallen  15  feet. 

Between  Shanks  Ferry  and  Port  Deposit  no  more  ice  jams  were 
formed,  and  the  ice  passed  through  the  channel  of  the  river  very 
rapidly  and  caused  but  little  damage.  The  history  of  nearly  all 
floods  has  been  that  between  "The  Neck"  and  Port  Deposit  but  little 
gorging  takes  place  and  that  the  river  rapidly  clears  itself  from  any 
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loe  and  seldom  rines  to  Hiich  a  hei^lit  an  to  <*aiise  particular  damage 
Along  the  shores.  At  Port  Deposit  there  is  fi-eqiient  trouble,  for  the 
»liallow  sand  bars  and  tidal  backwater  often  cause  gorges  which  flood 
the  tracks  and  lower  part  of  the  town. 

Elevations  of  flood  on  lower  portion  of  Susquehanna  River,  March  ^,  J 904* 


Locality. 


Eleva- 
)     tion. 


Remarks. 


Fort  Cullys  Falls,  gage  No.  5 

liock  18  (behind  ice) 

600  feet  ahove  Lock  18 

500  feet  above  Lock  12 

Power  honse,  gage  2 

Dam  line,  York  side _ . 

High-water  gage  10 

McCalls  Ferry,  York  County . 


McCalls  Ferry,  Lancaster  County 

At  telegraph  line  on  T.  P 

Station  71+80  on  T.  P 

At  cable,  York  County 

At  cable,  Lancaster  County 

Tucquan  culvert 

Milepo8t29 

York  Furnace  station 

York  Furnace  Hotel 

Pequea  Bridge 

Milepost  81 

Shanks  Ferry  Hotel 

Milepost  32 

Safe  Harbor 


Feet. 

139.5 

136.2 

140.1 

143.0 

146.6 

146.7 

147.7 

150.7 

151.8 
156.3 
158.8 
159.8 
161.3 
167. 5 
175. 5 
179.5 
178.6 
182.6 
182.7 
185.7 
186.3 
204.0 


Approximate. 

Ice  gorged  in  channel  above. 

Made  of  drift. 

Observed  during  flood. 

Do. 

Do. 

Do. 

Observed  during  flood;    in  back- 
water behind  ice. 

Observed  during  flood. 

Do. 

Do. 
Observed  during  flood;  behind  ice. 
Drift  marks. 

Do. 
Watermark  on  poet. 
Watermark  on  station. 
Observed  during  flood. 
Watermarks  on  house  and  post. 
Watermarks  on  post. 
Observed  during  flood. 
Watermarks  on  posts. 
Watermarks  on  station. 


Above  Shanks  Ferry  much  damage  was  done,  and  the  loss  of  prop- 
erty was  great  at  many  points.  The  facts  are  interesting  to  those 
who  contemplate  power  development  in  the  lower  portion  of  Sus- 
({uehanna  River,  as  the  possible  damage  from  ice  has  been  one  of  the 
IJCreat  objections  to  such  development. 

The  full  effect  of  the  flood  on  the  main  stream  was  not  felt  below 
Sunbury,  being  restrained  by  the  big  gorges  at  Kipps  Run,  Catawissa, 
and  Nanticoke,  which  held  several  days  longer.  It  was  at  its  worst 
in  Wyoming  Valley  on  the  9th,  doing  much  damage  to  Plymouth, 
Wilkesbarre,  and  Pittston,  and  then  quietly  passed  away  without 
noticeable  effect  on  the  lower  river. 
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A  rouf^h  estimate  of  damage  due  to  flood,  as  given  by  press  i-eiwrts, 
is  as  follows: 

Damage  due  to  flood  of  March,  1904. 

Pittaton  toSunbury« $6,500.oari 

York  County  '^ 

Lancaster  County _ 

Dauphin  County^' 

Cumberland  County _ - 

Perry  County 

Snyder  County _ 

Juniata  County. _ _ 

Maryland 

Total _ 7,»75,0O:> 

The  loss  and  damage  to  State  bridges  was  reported  as  $800,000. 
The  table  below  gives  a  comparison  of  the  heights  during  the  flood 
period  at  various  points  along  the  river. 

1904  flood  heights  J  in  feet ,  above  low  water  of  September^  1900, 


200,  m) 

275.  "Vn* 

275,0iXf 

200. 0<«1 

300.(10(1 

125, 01* 

100. 000 

100,000 

Date. 


March  3 
March  4 
March  5 
March  6 
March  7 
March  8 
March  9 
March  10 
March  11 
March  12 


1904. 


Main  river 

at  McOalls 

Ferry 

(4  p.  m.). 

Main  river 
at  Harris- 
burg 
(7  a.  m.). 

Main  river 
at  Wilkee- 

barre 
(8  a.m.). 

West. 
Branch  at 
Williams- 
port 
(7.80  a.m.) 

1 

Juniata  at 

Newport 

(12  m.). 

9.0 

11.9 

9.0 

7.4 

4.4 

9.9 

13.5 

11.2 

18.9 

10.7 

15.0 

22.0 

16.0 

16.4 

6.1 

15.0 

19.4 

14.9 

9.1 

3.3 

13.4 

16.3 

15.4 

7.8 

2.7 

;J3. 6 

21.2 

26.3 

17.6 

11.2 

17.2 

15.9 

28.5 

18.4 

7.2 

17.4 

15.0 

24.0 

9.7 

4.4 

17.9 

12.0 

21.9 

7.5 

3.2 

13.6 

9.2 

19.9 

6.4 

rf  18. 9 

3.2 

"33.6 

ft  23. 8 

C28.5 

Maximum  height  attained. 

a  March  8,  4  p.m.  ^  March  4,  8  p.  m.  c  March  9,  8  a.  m.  d  March  4.  7  a.  m. 

Note.— Maximum  heights  other  than  at  McCalls  Ferry  were  cansed  by  back- 
water from  gorges. 


«  Of  whi(;h  one  to  two  millions  wore  in  Wyoming  Valley. 

*  Most  damage  at  York  Haven  and  vicinity. 

cQt  which  Middletown  losses  amounted  to  about  $100,(M). 
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T*lie  cable  gagine:  station  about  three-fourths  mile  above  McCalls 
Ferry  offered  a  good  opportunity  for  determining  the  amount  of  water 
flovtring:  at  the  maximum  stage.     At  this  point  two  cables  are  stretched 
across  the  river  80  feet  apart,  and  at  the  time  of  the  flood  the  sun  was 
sliining  in  line  with  these  and  bright  enough  to  cast  their  shadows  on 
the  iNrhite  ice,  thus  enabling  the  determination  of  the  velocity  at  this 
l>oint  with  considerable  degree  of  accuracy.     The  velocity  was  deter- 
mined  in  four  different  portions  of  the  river,  and  several  individual 
determinations  were  made  in  each  portion.     The  result  of  this  meas- 
urement is  shown  in  the  table  below. 

Flood  discharge  at  cable  station,  McCalls  Ferry,  Pa,,  March  8, 1904,  4l>*  ^« 

[Elevation  water  mxrtMoe,  LancaBter  County  side,  161.8  feet;  York  County  side,  150.8  feet;  mean 

100.6  f  eet.a] 


Stations. 

Surface 

veloci- 

tieB. 

Mean 
velocity 

90  per 
cent  of 
surface. 

Ft. per  sec. 

1 
Area.    iDlacliarge. 

1 

BemarkB. 

t 

1 
1 

Ft.peraec. 

8q.  feet.     Sec.-feet. 

1 
1 

50  to  125 

\       0 

4,710 

0 

Ice  piled  along  towpath.    No 
apparent  velocity. 

125  to  625 

20 

18 

23,560 

424,000 

Velocity  obtained  by  timing 
ice  cakes  between  cables  80 
feet  apart. 

625  to  725 

IS.  8 

12 

4,600 

55,200 

Do. 

725  to  825 

0 

4,370 

0 

Plackwater  behind   Streepers 
Island. 

825  to  975 

13.8 

12 

6,960 

83,500 

Velocity  obtained  by  timing 
ice  cakes  between  cables  80 
feet  apart. 

975  to  1180.... 

11.4 

10.2 

6,700 

68,300 

Do. 

1180  to  1320... 

0 

-  -  -  -  —  - 

3,600 

0 
631,000 

Ice  and  backwater. 

Total  ._ 

54,500 

Mean  velocity  11.6  feet  per  sec- 
ond. 

a  OonreBpondlng  gage  height  for  1889  flood  was  ahout  162  feet,  with  discharge  of  671,000  second- 
feet 

The  table  on  page  178  gives  the  estimated  maximum,  minimum, 
and  mean  discharge  of  Susquehanna  River  at  Harrisburg  for  1891 
to  1904,  inclusive. 
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Minimum,  maximum ,  and  msan  discharge  of  Susquehanna  River  at  Harri^urg^ 

Pa,  ^  for  ISOl  to  1904,  inclusive. 


Year. 


1891. 
1892. 

1893 

1894 

1895 

1890 

1897 

1898 

1899. 

1900 

1901 

1902. 

1903. 

1849. 


Mininmm. 


Date. 


Oct.  4-7,  inclusive 

Oct.    31-Nov.    8, 
inclusive 


Oase 
height. 

Feet. 
1.60 


Anfif.  15-19,  inclu- 
sive, 25 


Sept.  5-6 

Oct.  30-31 - 

Sept.  5-18 

Sept.  15,  Oct.  21 

Oct.  3-7 

Oct.  24  and  25 . . . 
Sept.  28  and  29. . 

Nov.  12. 

Sept.  23. 24, 25... 

Oct.7 

Dec.U 


For  the  14 , 
years  ..| 


.35 
.25 

.05 

.25 

.50 

.65 

.15 

—.04 

1.00 

.85 

1.40 

0.84 


Maximam. 


Dis- 
charge. 


Date. 


Sec.-ft, 
10,200 


Feb.   19 


.50  I    4,070     Apr.     6 


3,500 
3,160 
2,570 
3,160 
4,070 
4,740 
2,850 
2,360 
6, 550 
5,760 
8,850 
5,708 


Sept.  28-29, 1900.      — .  04  i     2, 360 


May  6 
May  22 
Apr.  11 
Apr.  1-2 
Mar.  26 
Mar.  24 
Mar.  7 
Mar.  2 
Dec.  16 
Mar.  2 
..do... 


dis- 


h?rg?t.  Discharge.,  -^^ 


Feet.         Sec.-ft.       Sec.-ft. 
19.00     334,500     52,200 

14. 65  I  224, 200     37,  250 


16.50 
25.60 
13.65 
14.60 
11.50 
15. 65 
13.00 
13.10 
21.40 
23.90 
16.85 


267,400 
543,500 
205,400 
223,200 
165,806 
245,900 
193,000 
194,900 
405, 100 
484,100 
276,500 


40,550 
39,970 
29.330 
34,600 
32, 320 
40,490 
31,00rt 
29,950 
42,380 
47,100 
54, 510 
32,31fc< 


1894. 
May  22 


25. 60     543, 500     38,  h.m 


FIjOOD  DI8C1IAUGBS  AND  VALiUKS   OF  **N"  BY  KUTTEirs 

FORMULA. 

Owing  to  the  lack  of  high-water  gagingn  on  Susquehanna  River,  it 
became  necessary  to  estimate  the  flood  discharges  by  means  of  the 
slope  formula,  v^cy/Rs^  using  Kutter's  formula  to  fix  the  value  of  c\ 
The  1889  flood  is  the  highest  on  record,  and  as  there  I'emain  many  of 
its  high-water  marks  made  by  eyewitnesses  along  the  railroad  and 
canal  above  McCalls  Ferry,  Pa.,  the  mean  slope  along  this  part  of  the 
river  could  be  closely  approximated.  These  marks  consist  of  notches 
on  posts,  rocks,  hotels,  bridge  piers,  and  locks,  and  their  elevations 
were  accurately  determined,  as  shown  on  the  profile. 

Ten  sections,  located  as  shown  on  PI.  XVIII,  were  then  chosen  from 
the  contour  map.  These  were  selected  so  as  to  show  as  far  as  possible 
the  average  for  the  portions  of  the  river  represented,  so  that  the  mean 
slope  between  the  nearest  reliable  high- water  marks  could  be  used  in 
connection  with  them.  The  sections  were  carefully  surveyed  and 
sounded  to  determine  their  area  and  wetted  perimeter. 

In  order  to  get  a  value  for  n  in  Kutter's  formula  the  slopes  were 
measured  on  the  west  channel  of  the  Duncans  Run  section  during 
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several  ga^ings.  With  these  slop(»s  and  tlie  data  from  the  gagiiigs 
ma^le  on  July  24  and  26,  1002,  June  5,  11)03,  and  March  8,  1904,  the 
coefficients  c  and  n  have  been  computed  by  the  formulaH — 

,,    .  .  .00281  .  1.811 


1  + 


a«  shown  in  the  table  below. 


Vr 


Valuea  of  v  and  h,  inth  data  used  m  their  determination. 


D«te. 


6 


S9 


0  >. 


ft: 


44 

o 


•a 
a>  • 

O 


®    w 

■♦->•«-» 

■if 


RemarkB. 


Feet 
per 
Sec.ft.  Sq.ft. ^  Feet.  Feet.    sec.  ] 

Julj2i,l90Saft.   78,300  9,340      560  16. HH     8.3H; 


6H,000  8,660 
10,  aw  3,846 


Jiily:W,19Q»> 
June5,19U8<i 
Mar.  8. 1904  b.  («l, OUO 6B,  400  2, 4a90  %.  20    9. 96 


557   15.51     7.86 
:**),  10.12     2.60 


54.9 

54.8 
52.3 
52.45: 


fEl.  W.  8.  ISrv  above  line: 
El.  W.  8.  150'  below  Une=ia0.ay 


■130.72' 


0.0014    :0.0468 

FallinSOO'  0.42' 

.  00138     .  0462  Fall  in  my  as  above  =  0.40^ 
.(H)0244   .0460  Fall  in  900'  -0.22' 

.00138     .0545  Slope  taken   between  McCalls 
F*erry  and  Gage  No.  2. 


<j  At  Dnncans  Run. 


''At  se<;tion  No.  10. 


The  three  measurements  at  Duncans  Run  give  a  (coefficient  of 
about  0.046.  The  conditions  there  are  exceptionally  favorable  for 
this  part  of  the  river,  so  that  jis  tlie  flood  sections  in  many  cases 
included  brushy  and  wooded  islands,  the  value  of  n  as  used  in  the 
computations  was  increased  to  0.05. 

The  data  and  results  showing  the  discharge  at  the  respective  sec- 
tions during  the  1889  flood  are  shown  in  table  on  page  180. 

The  mean  of  the  discharges  of  these  10  sections  gives  a  maximum 
for  the  1889  flood  of  about  730,000  second-feet,  or  9  per  cent  greater 
than  the  mean  velocity  curve  estimate  of  671,100  second-feet.  (See 
pages  177  and  180.) 

In  this  connection  it  is  of  interest  to  note  that  if  a  coefficient  equal- 
ing 0.055,  as  determined  by  the  single  measurement  at  section  10, 
based  upon  the  flood  gaging  of  March  8,  1904,  had  been  used,  the 
mean  discharge  for  the  1889  flood  would  have  been  about  685,000 
second-feet,  or  only  2  per  cent  greater  than  the  results  obtained  by 
using  the  mean  velocity  curve. 

The  general  equation  of  the  discharge  curve  shown  on  PI.  X  is 
approximately  that  of  the  parabola  (//— 111)^=. 00202  x,  which  for  a 
gage  height  of  149.5  gives  the  1889  flood  discharge  as  733,800  second- 
feet. 

From  these  estimates  it  may  be  assumed  that  the  maximum  dis- 
charge of  the  1889  flood  was  between  670,000  and  735,000  second-feet. 
IRE  10»-05 13 
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[xo,  100. 


In  determining  n  at  section  10  by  means  of  the  flood  measurement 
of  March  8,  1904,  the  slope  used  was  between  McCalls  Ferry  and  gage 
No.  2,  the  same  points  as  were  taken  for  the  18H9  flood  slope,  thns 
making  the  two  comparable  and  indicating  that  the  assumed  value 
of  7i=.05  is  on  the  safe  side. 

Discharge  of  Susquehanna  River  during  2SS0  flood  us  computed  by  Kutter's 

formula. 


77.82  f 


.00281 


gQg^. 00014 

8 

\R 

1 

No.  of 
section. 

Area. 

Wet- 
ted 
perim- 
eter. 

Feet. 

Hy- 
draulic 
radius. 

Feet. 

Mean 
slope. 

Co- 
effi- 
cient 

Mean 
veloc- 
ity. 

Ft.  per 
sec. 

Dis- 
charge. 

Remarks. 

Sq.  feet. 

Sec.  ft. 

1 

89,300 

4,750 

18.80 

0.0012 

0.05 

7.98 

713,000 

One-fonrth  of  section 
is  bmshy  island. 

2 

105, 500 

4,210 

25.06 

.00060 

.05 

6.91 

730,000 

One-third  of  sectioD  is 
low,  bmahy,   rocky 
island. 

3 

110,400 

4,300 

25.66 

.00060 

.05 

7.02 

775, 000 

Do. 

4 

113,600 

5, 020 

22.63 

.00064 

.05 

6.67 

758, 000 

One-fonrth  of   section 
covered  with  trees  or 
brash. 

5 

110,500 

3,220 

34.32 

.00035 

.05 

6.61 

730, 000 

One-sixth    of    section 
covered  with  bmsh. 

6 

63,700 

2,800 

22.75 

.00130 

.05 

9.43 

602,000 

One- fourth  of  section 
is  covered  with  trees. 

7 

739,000 

8 

89,500 

2,800 

31.96 

.00070 

.05 

8.72 

780,000 

One-fonrth  of  section 
is  rocky  island. 

9 

720,000 

10 

72,800 

2,430 

-    - 

29. 95 

.00110 

.05 

10. 38 

756,000 

_^  _ 
730, 300 

One-fonrth  of  section 
covered  with  brash 
or  trees. 

Mean 

liOW-WATER  CONDITIONS. 

At  the  time  of  the  establishment  of  the  gage  at  Ilarrisburg,  in  1891, 
the  lowest-known  water  on  Susquehanna  River  was  in  1803,  and 
the  zero  of  the  gage  was  placed  at  the  elevation  of  this  low  water. 

The  months  of  August  and  September,  1900,  were  perio<is  of  extreme 
drouglit,  and  beginning  with  the  1st  of  September  the  observations 
at  Harrisburg  showed  a  gradual  falling  of  the  river  until  September 
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28-20,  when  the  |?age  read  0.(4  of  a  foot  below  tlH»  low- water  mark  of 
1S():$.  During  this  ix^riod  of  low  water  Mr.  E.  G.  Paul,  hydrographer, 
United  States  Geolop<^aI  Survey,  spent  considerable  time  in  measuring 
the  flow  at  the  various  stations  in  the  Susciuehanna  drainage  basin. 
On  Septeml)er  21  a  measurement  was  made  at  Harrisburg  at  a  gage 
height  of  0.08  of  a  foot  and  a  discharge  of  2,655  8e(*ond-feet.  Mr. 
I^aul  returned  to  Harrisburg  on  September  28,  at  which  date  the  river 
i-eached  its  extreme  low  point  of  —0.04  of  a  foot,  and  ma<le  a  meas- 
urement giving  a  discharge  of  2,357  second-feet. 

The  measurements  made  bj'  Mr.  Paul  during  the  week  of  Septem- 
ber 28,  1900,  at  Allenwood,  Danville,  and  Newport,  Pa.,  as  shown  by 
the  table  below,  gave  a  very  close  check  upon  the  Harrisburg  work, 
and  show  that  the  measurements  as  made  at  the  various  points  along 
the  river  are  consistent  among  themselves  and  that  no  errors  greater 
than  would  be  expected  in  work  of  this  kind  exist. 

Comparison  of  minimum  discharges  of  Susquehanna  River  and  its  branches. 


Date. 


Sept.  34,1900 
Sept.  25,1900 
Sept.  22,1900 


Stream. 


Station. 


Weet  Branch 
Susquehanna 


Allenwood,  Pa. 
Danville,  Pa  . . 


Dis- 
charge. 


Remarks. 


Juniata Newport,  Pa 


Sec-feet,  j 

511     Gage  same  height  as  on 
,      Sept.  28. 

822     Gage  0.1  of  a  foot  lower 
than  Sept.  26-28. 

418    Gage  same  as  Sept.  28. 


Total  discharge  from  gaglngs  above 
Harrisburg 

Add  14  per  cent  for  increase  in  drainage  area 

Add  for  0.1  lower  gage  height  at  Danville 

Total  estimated  discharge  above  Har- 
risburg   _ _ 

Gaging  at  Harrisburg  Sept.  28 

Difference 


From  the  best  available  authorities  the  elevation  of  lowest  water, 
in  September,  1900,  at  McCalls  Ferry,  gage  No.  2,  was  about  112.6 
feet.  The  measured  minimum  discharge  at  Harrisburg  for  that 
month  was  2,357  second-feet,  and  by  increasing  this  figure  11.4  per 
cent,  to  allow  for  the  increase  in  drainage  area,  we  find  the  corre- 
sx)onding  maximum  discharge  at  McCalls  Ferry  to  be  about  2,620 
second-feet.  In  order  to  check  this  result,  the  mean  velocities  of 
the  various  discharge  measurements  made  at  Duncans  Run  have 
been  plotted  as  abscissae  and  their  respective  gage  heights  as  ordi- 
nates,  as  shown  in  PI.  XIX.  These  points,  it  will  be  seen,  seem 
to  follow  a  general  law,  and  a  curve  has  been  drawn  through  them 
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which  has  l>eeii  extended  tlii*oiigh  the  gage  lieight  of  the  lowest 
water,  whicih  at  Duncans  Run  was  about  114.2  feet.  The  velocity 
from  the  curve  for  that  gage  lieight  is  1.0  foot  per  second,  and  the  area 
of  the  section  is  2,940  square  feet,  the  product  of  these  two  giving 
a  discharge  of  2,940  secend-feet  as  a  rough  check  on  the  above. 
The  lowest  water  actually  measured  at  McCalls  Ferry  was  on  Sep- 
tember 25, 1902,  at  a  gage  height  on  gage  No.  2  of  114.34  feet,  giving  a 
discharge  of  6,370  second-feet.  The  mean  discharge  from  the  rating 
table  at  Harrisburg  on  that  date  was  5,760  second-feet,  corresponding 
to  a  difference  in  drainage  area  of  10.6  per  cent.  The  table  on  page 
178  gives  the  minimum  estimated  discharge  at  Harrisburg  for  the 
years  1891  to  1904,  inclusive. 

ACCURACY  OF  STREAM  MEASUREMENTS. 

Considerable  comment  has  been  made  upon  the  hydrographic 
work  of  the  United  States  Geological  Survey  on  Susquehanna  River 
by  engineers  and  others  who  are  promoting  power  schemes  in  the 
lower  portion  of  the  river,  and  it  was  to  obtain  varying  data  tliat 
the  late  George  S.  Morison,  engineer  for  the  McCalls  Ferry  project, 
established  a  gaging  station  at  that  point. 

As  stated  on  page  130,  the  McCalls  Ferry  station  was  established 
in  May,  1902,  and  during  the  following  year  35  discharge  measure- 
ments were  made  at  stages  which  ranged  between  the  highest  and 
lowest  gage  heights  during  this  period.  These  measurements  were 
taken  with  great  care,  vertical  velocity  curves  being  used  in  most 
cases.  From  the  measurements  a  rating  curve  and  table  was  pre- 
pared, by  which,  in  connection  with  the  daily  gage  heights,  both  the 
daily  and  the  monthly  discharges  of  the  river  were  computed,  as 
shown  on  pages  137-139. 

On  comparing  the  monthly  discharges  at  McCalls  Ferry  from  June 
1, 1902,  to  December  31, 1904,  as  obtained  by  Mr.  Morison's  engineers, 
with  those  obtained  by  the  United  States  Geological  Survey  at  Harris- 
burg, as  shown  in  the  table  on  page  183,  it  is  found  that  the  mean 
monthly  <lischarge  is  approximately  between  7  and  25  per  cent  greater 
at  McCalls  than  at  Harrisburg.  This  difference  is  what  w^ould  be 
expected,  as  the  drainage  area  at  McCalls  Ferry  is  11.4  per  cent  greater 
than  that  at  Harrisburg. 

It  is  thus  seen  that  the  methods  of  stream  measurement  used  by 
the  Geological  Survey  give  results  which  agree  with  those  obtained  b}* 
private  engineers,  whose  work  is  generally  carried  on  in  greater  detail 
and  at  much  greater  cost. 

An  inspection  of  the  discharge  curves  shows  that  almost  all  of  the 
individual  measurements  plot  nearly  on  the  curve,  very  few  of  them 
varying  from  it  by  more  than  3  per  cent.  This  fact,  while  it  does  not 
prove  their  accuracy,  indicates  that  the  measurements  were  carefull}' 
made  and  that  the  results  are  consistent. 
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Citnijuirisofi  uf  the  estimated  vumthly  discharge  of  Siuujuehannti  Rmnr  at  HaV' 

risb^trg  ami  McValln  Ferry,  Pa. 


Mean  diacharcre  in  necond-feet. 


Month. 


■HarriBburg. 


19()2. 

JTine 12,810 

July... - -  70,209 

August -  -  26, 962 

September 11,714 

October 35, 656 

November ...                ...  20, 985 

December  ....         .         63, 774 

Thei)erio<I '34,587 


McCalls 
Ferry. 


Difference. 


Seoond-feet.  Per  cent. 


1903. 


January . 
February 
March . 
April 

May .    

June 

July. 

August  - . . 
Septeml^er 
October  - . 
November 
December 


The  year 


1904. 


April 

May.  .  . 
June    .  -   - 

July 

August . . . 
September 
October  .. 
November 
December 


The  period 


37,765 
93, 236 
133, 500 
82,715 
14, 297 
27,964 
32,581 
25, 581 
30,511 
45, 160 
27,289 
19, 743 


13,908 
61,768 
27.126 
11,556 
38,248 
22,657 
69,111 

84, 911 

43,533 
95,082 
134, 461 
79,900 
16,826 
29,  a59 
35, 636 
28,206 
34, 183 
48,757 
30,797 
19, 751 

47, 528    49, 638 


74, 230 
41,740 
29,320  [ 
18,020 
10,420 

8, 657 
15,240  I 
10,760  ; 

8,448  I 


78,400  i 

46,720 

34,580 

21,410 

13,880 

11,050  I 

18,700 

13,320 

10,890 


24, 090    27, 660 


1,098 
8,441 
164 
158 
2,592 
1,672 
5,337 

824 


5,768 
1,846 
961 
2,815 
2,529 
1,895 
3, 055 
2,625 
8,672 
3,597 
3,508 
8 


2,110 


8,570 


+  7.9 
-18.7 

-h     .6 

-  1.4 

f  6.8 

-f  7.4 

-f  7.7 


+     .9 

+13.2 

-h  l.» 
+  .7 
-  3.4 
-fl5.0 
+  6.4 
-f-  8.6 
+  9.3 
+10.7 
4  7.4 
+11.4 
0 


+4.3 


4,170 

+  5.3 

4,980 

+10.7 

5,260 

+15.2 

3,890 

+  15.8 

3,460 

+24.9 

2,393 

421.7 

3,460 

-1  18. 5 

2,560 

+19.2 

2,442 

+22.4 

+  12.9 


Note.— Owing  to  an  ice  gorge  Ix^low  Harrisburg  the  monthly  means  for  January,  February, 
and  March  have  1)een  estimated  by  taking  H9  per  cent  of  means  for  McCaUs  Ferry. 
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VERTICAL  VELOCITY  MEASl  RKMKNTS. 

The  standard  with  which  all  velocity  determinations  in  stream- 
measurement  work  are  compared  is  the  mean  velocity  obtained  by 
the  vertical  velocity  method.  This  method  consists  in  taking,  in  a 
vertical  line,  a  series  of  velocity  determinations,  which  w^hen  plotted 
with  depths  as  ordinates  and  velocities  as  abscissae  give  the  basis  for 
the  construction  of  a  velocity  curve  along  the  vertical  in  question. 
This  curve  shows  the  variation  in  velocity  from  the  surface  to  the 
bottom  of  the  stream,  and  from  it  the  mean  velocity  for  the  vertical 
can  be  determined  by  dividing  the  area  included  within  the  curve  by 
the  depth.  From  these  curves  not  only  the  depth  at  which  the  mean 
velocity  occura  can  be  found,  but  also  coefficients  for  reducing  to 
the  mean  the  velocities  found  at  the  top,  bottom,  or  at  other  points. 

In  the  work  in  the  Susquehanna  drainage  area  three  series  of 
vertical  velocity  measurements  have  been  made,  as  follows:  At 
McCalls  Ferry,  Pa. ;  at  Bingham  ton,  N.  Y.,  and  at  Harrisburg,  Pa. 

The  series  at  McCalls  Ferry,  Pa.,  was  made  during  the  years  1902 
and  1903  by  Messrs.  Boyd  Ehle  and  R.  H.  Anderson  and  consisted  of 
73  determinations  at  the  Duncans  Run  section  and  104  measurements 
at  the  cable  section.  The  depths  at  the  first  section  vaned  from  3  tx) 
30  feet  and  the  mean  velocities  from  1.2  to  5.8  feet  per  second.  At  the 
second  section  the  depths  ranged  from  3  to  36  feet  and  the  mean 
velocities  from  1.2  to  9.7  feet  per  second.  These  great  depths  and 
the  high  velocities  at  which  these  measurements  were  made  make 
them  by  far  the  most  interesting  series  of  the  kind  that  have  been 
made. 

The  bed  of  the  stream  at  both  of  these  points  is  very  irregular  and 
is  made  up  mostly  of  solid  rock,  strewn  with  large  bowlders,  as  shown 
in  PI.  I,  By  thus  making  the  velocities  near  the  bottom  hard  to 
determine. 

The  secondary  guy  cable  with  which  the  station  is  equipped,  as 
noted  on  page  131  and  shown  on  PL  IX,  Ay  enabled  the  observer 
to  hold  the  meter  at  a  depth  which  it  is  very  difficult  to  reach  under 
ordinary  conditions. 

The  results  of  the  measurements  have  been  tabulated  and  are  given 
in  the  tables  on  pages  185-187,  and  the  platted  curves  are  shown  in 
Pis.  XX  to  XXVI,  inclusive. 

A  study  of  these  tables  shows  that  in  order  to  draw  any  conclusions 
from  the  results  the  individual  determinations  must  be  grouped,  in 
order  to  bring  together  those  which  were  taken  under  .the  same  con- 
ditions. The  grouping  for  the  Duncans  Run  series  was  made  accord- 
ing to  depth  as  follows:  Group  1,  4  to  10  feet;  group  2,  10  to  20  feet; 
group  3,  20  to  30  feet,  and  those  for  the  cable  station  according  to 
the  distance  from  the  initial  point. 

Rejecting  disturbed  and  discordant  observations,  the  averages  from 
these  groups  give  the  results  shown  in  the  table  on  page  188. 
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VcrtiiHtl  velm'^ittf  nu'iisurvmentH  at  DnuvauH  Hun.  alnnw  Mv(*alls  Ferry,  Pu. 


I>i8tanoe  from 

initial  point, 

in  feet 

Depth, 

in 

feet. 

Vel(K*ity,  in  fc 
by  foUowii] 

1 

Verti-       n« 

5Siir  ^«p*^  • 

i 

■el,  i)»*r 
tg  methi 

Top 
and 
bot- 
tom. 

1.77 
1.80 
2.63 
1.69 
2.25 
2.40 
1.38 
1.72 
2.16 
2.14 
1.18 

s««<'ond 

mIh: 

Top. 

3.00 
2.40 
8.82 
2.42 
3.35 
2.73 
1.20 
2.62 
3.32 
2.86 
1.10 

Coefflf 
iuK  to 

0.6 
depth. 

0.92 
.90 
.92 
.92 
.94 
.98 
.86 
.90 
.90 
.96 
.79 
.80 
.94 
.93 
.93 
.86 
1.00 
1.08 
1.00 
.96 
.94 
.98 
.9:3 
.92 
.98 
.97 
.98 
.97 
.94 
.94 
.94 
.97 
.96 
.96 
.94 
.98 
.96 
.99 
.92 
.91 
.92 
1.01 
.94 
.98 
.85 
.92 
.96 
.96 
.93 
1.04 
1.00 
.96 
.92 
.97 
.96 
.94 
1.00 
.95 
.98 
.98 
.92 
.96 
.96 
.96 
.93 
.98 
.90 
.90 
.95 
.88 
.93 
1.08 

iout  for 
mean  v< 

Top 
ana 
bot- 
tom. 

1.42 
1.26 
1.19 
1.20 
1.22 
1.08 
1.30 
1.41 
1.37 
1.22 
1.65 
1.31 
1.14 
l.(M 

.96 
1.23 
1.00 
1.01 
1.04 
1.31 
1.04 

.96 
1.33 
1.00 
1.11 
1.02 
1.16 
1.14 
1.12 
1.29 
1.31 
1.07 
1.04 
1.02 
1.32 
1.19 
1.18 
1.16 
1.18 
1.17 
1.14 
1.17 
1.18 

.99 
1.82 
1.26 
1.04 
1.10 
1.15 
1.21 
1.02 
1.83 
1.28 
1.24 
1.13 
1.15 
1.00 
1.15 

.99 
1.06 
1.54 
1.07 
1.08 
1.01 
1.04 
1.04 
1.09 
1.08 
1.17 
1.09 
1.03 
1.02 

rcdnc- 
jlocity. 

Top. 

0.84 
.94 
.94 
.84 
.82 
.94 

1.49 
.98 
.89 
.92 

1.66 

1.48 
.91 
.88 
.96 
.71 
.94 
.79 
.98 

1.10 
.91 
.89 
.82 

1.08 

.n 

1.06 
.89 
.87 
.95 
.86 
.86 
.94 
.99 
.96 
.88 
.92 
.97 
.79 
.89 
.96 
.96 
.86 
.99 

1.00 
.88 
.73 

1.06 
.96 
.92 
.80 
.98 
.88 
.96 
.88 
.94 
.96 
.90 
.92 
.98 
.96 
.98 
.94 
.87 

1.02 
.91 
.96 

1.11 

1.00 
.90 
.99 
.80 
.84 

Dep 

thread  < 

veldt 

In  feet. 
10.5 

thof 
of  mean 
;ity.* 

In  per 
cent  of 
depth. 

9 

15.5 
18.0 
22.5 
16.0 
19.0 
18.0 
16.0 
17.8 
22.0 
20.5 
19.0 
18.0 
23.0 
4.0 
4.3 
3.3 
5.0 
9.0 
5.0 
4.5 
6.0 
7.5 
14.0 
12.0 
14.0 
13.5 
20.0 
20.6 
22.0 
25.0 
25.0 
20.0 
21.5 
22.5 
27.5 
24.0 
26.6 
31.0 
27.0 
24.6 
26.5 
28.0 
24.0 
17.0 
26.0 
29.0 
16.0 
25.0 
27.0 
30.0 
25.0 
25.0 
26.0 
26.5 
21.0 
22.5 
21.6 
18.6 
19.5 
20.0 
16.3 
16.0 
17.0 
13.0 
15.0 
14.5 
10.0 
12.6 
18.5 
8.0 
8.0 
9.5 

2.52 
2.26 
3.12 
2.02 
2.74 

2.73 
2.50 
3.40 
2.20 
2.92 

68 

lOa 

13.6  '           76 

10 

15.2  ;            68 

10 

11.7  '            78 

15 

12.7  ,            67 

15« 

2.58  !      2.63 
1. 79        2. 10 
2.43        2.68 

12.7              71 

a> 

13.7  '            86 

aoa 

12.8              72 

20 

2.96 
2.6Si 
1.83 
1.68 
2.64 
2.68 
3.30 
3.10 

3.30 
2.72 
2.32 
2.10 
2.82 
2.88 
8.65 
8.64 

15.5              71 

a5« 

15.4  1-          75 

3»o 

15.5              82 

aoa 

1.28,      1.13 

16.2 

17.6 

2.6 

3.1 

2.2 

90 

30a : 

2.31 

2.68 

2.90 
8.05 

76 

40* 

68 

ao6 

3.44        8.46 

72 

eoft 

2.52 
3.60 
3.51 
4.48 
4.48 
3. 70 

4.36 
8.83 
4.50 
4.73 
6.30 
4.22 

67 

TOfr 

3.60  .      3.62 

8.2              64 

806 

»o& 

3.55 
4.66 
5.80 
8.86 
2.42 

8.45 
4.66 

6.U6 
4.18 
2.48 

4.8 

8.0 

8.0 

4.0 

5.3 

9.1 

9.5 

8.8 

12.6 

12.7 

14.4 

15.1 

16.7 

16.5 

14.7 

15.7 

16.4 

20.3 

16.8 

18.0 

19.8 

68 

60 

llJOfc 

87 

110«» 

67 

1806 

2.53  1      2.72 
2.28  1      3.70 

1.95  I      2.06 
2. 15        3. 10 
3.14        3.(r> 

2.96  1      3.8:^ 

1.97  2.58 
2.20        2.58 
2.70        4.1W 
2.01         3.08 
2.06        2.34 
t.«i        2.96 
2.59        2.76 
2.55        3.88 
1.66        2.13 
2.25        2.62 
2.62        3.83 
2.:)0  ;      3.05 

71 

122  6               

3.04        3.28 
2. 12       2. :« 
2.38        2.42 
8.20       3.:*) 
8.41  .      8.50 

05 

laoo  

79 

130 

68 

13Ka 

130 

98 
64 

140  

2.24 
2.40 
8.48 
2.63 
2.20 
2.98 
2.65 
8.38 
1.97 
2.64 
3.08 
2.72 
2.02 
2.35 
3.22 
2.80 
2.10 
1.87 
2.77 
2.82 
1.84 
2.16 
2.98 
2.75 
1.70 
2.20 
2.39 
1.69 
2.17 
2.78 
1.58 
2.06 
2.52 
1.46 
2.40 
1.75 
1.31 
1.67 
2.37 
1.21 
1.65 
1.90 
1.24 
1.25 
1.70 

2.30 
2.62 
8.71 
2.80 
2.27 
8.06 
2.76 
8.68 
2.02 
2.67 
8.06 
2.98 
2.22 
2.54 
8.18 
3.00 
2.14 
2.20 
3.00 
2.94 
1.92 
2.33 
2.87 
2.75 
1.83 
2.38 
2.46 
1.78 
2.80 
2.78 
1.66 
2.09 
2.58 
1.57 
2.50 
1.85 
1,38 
1.80 
2.41 
1.85 
1.73 
2.00 
1.40 
1.85 
1.65 

70 

140 

69 

140 

67 

140 

66 

loOa 

IfiO 

150 

150 

73 
73 
73 
74 

160a 

64 

160 

68 

100 

62 

180.. 

19.8              72      • 

1706 

1.73 
2.06 
2.75 

2.10 
2.48 
3.79 

18.0  1            73 

170 

17.8 
16.0 
19.7 
16.0 
17.0 
18.1 
16.0 
16.7 
20.4 
17.4 
16.0 
17.0 
18.7 
17.4 
18.5 
17.7 
12.9 
15.6 
14.6 
18.8 
11.0 
11.0 
11.5 
11.0 

70 

170 

67 

170 

2.37        2.84 
2.12        2.10 
1.42  ,      2.26 
2.20  1      3.79 
2.70  '      2.60 
1.67        1.92 
1.88        2.84 
2.46        3.70 

82 

1806 

180 

180  

94 
68 
62 

180 

94 

1906 

67 

190 

76 

190 

58 

190 

2.69 
1.28 
1.72 
1.98 
1.50 
1.88 
2.77 

2.81 
1.92 
2.26 
2.72 
1.79 
2.20 
8.11 

60 

2006       

68 

200 

72 

20O 

210o 

66 

78 

210 

79 

210  

00 
84 
74 

69 
68 
69 
68 

85 

280a 

1.37        1.73 
2.08        2.10 

220 

220 

2.40 

.94 

2.25 

1.6:5 

1.:*) 

1.60 
2.27 
1.11 
1.44 
1.62 
1.14 

2.63 
1.56 
2.54 
2.02 
1.28 
1.83 
2.47 
1.09 
1.56 
2.10 
1.25 

230« 

230 

230 

240a    

240 

10.8              72 

240 

9.5 
8.6 
9.7 

66 

86 

78 

2e0a 

250 

250 

9.0              67 
6.0              75 

2606 

260 

1.21         1.56 

5.5              69 

290 

1.66 

2.04 

5.0              63 

*  From  vertical  velocity  curve. 


"  Even  rock  bottom. 


b  Uneven  rock  bottom. 


18() 


HYDROGRAPHY    OF    SUSQUEHANNA    BASIN. 


[NO.    IOC. 


Vertical  velocity  metvinremeiits  at  cable  station  above  McCalls  Ferry ^  Pa. 


Distances  from  initial  I  Depth,! 


Velwitv,  in  feet  por  fw*c*ond. 
by  following  methods- 


point,  in  feet. 


in  feet.' 


(Vertical        0.6       I     m,,„ 
velocity.,  depth.«       ^*^P- 


ISO  ^. 


aoob. 

250ft- 

aiOc 

3506 


:«5c 

400  <•. 


450''. 


5006. 


5506. 


6006 


rso  C-. 


625  0 
650  f 

ono . 

700  6 


8.0 
10.0 
10.0 
12.0 
13.0 
19.0 
8.7 
10.0 
11.0 
14.0 
7.0 
9.0 
16.5 
7.0 
8.0 
16.5 
6.0 
8.0 
9.0 
16.0 
13.0 
10.0 
14.0 
15.0 
16.0 
15.0 
16.0 
18.0 
22.5 
8.0 
10.0 
15.5 
14.0 
16.0 
16.0 
16.5 
21.5 
24.5 
27.0 
28.0 
98.0 
16.0 
19.0 
21.0 
24.5 
28.0 
28.0 
35.0 
17.0 
20.0 
21.0 
25.0 
28.5 
29.0 
35.0 
16.0 
5.5 
11.0 
15.0 
17.0 
18.0 
21.0 
2(J.0 
4.5 
8.0 
8.0 
13.7 
15.0 
15.5 
20.0 
24.5 
6.5 
12.0 
12.() 
13.5 
15.0 
20.0 


3.26 
4.30 
4.06 
4.15 


4. 
5. 
4. 
5. 
5. 


4. 
5. 

7. 


80 
76 
00 
20 
00 
6.75 
3.42 
4.90 
7.50 
4.64 
4.86 
7.60 
4.20 
4.76 
5.40 
8.12 
2.47 
1.22 
3.28 
2.96 
3.74 
5.20 
13 
13 
62 
3.18 
5.69 
5.75 
8.15 
9.16 
3.80 
3.74 
5.08 
6.02 
7.77 
7.50 
9.00 
4.3f) 
4.24 

4.:« 

6.38 
7.20 
7.47 
9.70 
3.96 
4.30 
4.97 
6.30 
7.40 
7.54 
8.2:^ 
3.27 
5.15 
5.80 
6.84 
6.83 
6.70 
7.64 
7.44 
4.70 
5.28 
4.97 
6.24 
6.12 
6.00 
6.67 
7.00 
5.00 
5.56 
5.22 

5.:« 
6.:« 

5.50 


3.22 
4.40 
4.24 
4.68 
5.20 
6.40 
4.08 
5.45 
5.30 
7.08 
3.68 
6.00 
7.45 
5.05 
5.15 
6.63 
4.27 
4.88 
5.65 
8.70 
2.57 
1.01 
3.28 
3.00 
3.55 
5.72 
4.28 
4.93 
8.12 
3.30 
6.13 
6.10 
8.47 
9.60 
4.12 
3.83 
6.17 
6.00 
7.70 
7.80 
9.22 
4.30 
4.41 
4.42 
6.38 
7.22 
7.62 
9.80 
4.10 
4.50 
5.02 
6.43 
7.42 
7.64 
8.62 
3.00 
5.57 
5.65 
6.45 
6.50 
6.60 
8.07 
7.70 
4.97 
5.60 
5.20 
6.45 
6.30 
6.12 
7.00 
7.37 
5.60 
6.70 
5.25 
5.47 
6.85 
5.50 


3.70 
4.82 
4.48 
4.45 
5.27 
5.75 
4.38 
5.75 
5.33 
7.07 
3.67 
6.43 
7.77 
5.30 
5.45 
9.60 


4. 
5. 
5. 


86 
27 
75 


3. 
4. 
5. 
6. 


9.60 
2.70 
1.73 
8.70 
63 
,78 
30 
58 
6.83 
8.90 
3.38 
5.87 
6.20 
9.35 

10.90 
3.90 
3.93 
5.17 
6.88 
9.10 
8.75 

10.00 
6.17 
4.85 
6.00 
7.50 
8.15 
7.97 

10.66 
4.65 
4.90 
5.40 
6.63 
7.47 
8.06 
9.25 
4.20 
6.05 
6.63 
7.73 
7.73 
8.17 
8.51 
8.ie 
5.35 
6.08 
6.20 
7.25 
6.75 
6.85 
7.42 
7.87 
6.10 
6.20 
6.40 
6.3;^ 
7.07 
6.a5 


Coefficient  for  re- 
ducing to  mean 
vel(H*ity. 

Depth  of 
mean  v 

thread  of 
elocity. « 

Oft 

In  per 

dep*.        Top. 

In  feet. 

cent  of 
depth. 

1 

1.01  '         0.88 

4.6 

5S 

.98  ,           .89 

6.5 

«5 

.96             .91 

7.8 

2 

.89              .93 

9.3 

TT 

.92              .91 

9.6 

74 

.90 

1.00 

15.0 

79 

.98 

.91 

6.7 

"t  • 

.96 

.90 

7.3 

73 

.  Vt                    .  Vt 

8.2 

1              To 

.96 

.96 

11.0 

'               78 

.93 

.93 

5.6 

80 

.98 

.90 

6.3 

TO 

1.01 

.96 

10.6 

54 

.92 

.88 

5.3 

T6 

.94             .89 

6.0 

T5 

1.14             .79 

12.6 

76 

.98 

.96 

6.0 

8:^ 

.98 

.90 

6.5 

81 

.96 

.94 

7.0 

78 

.03 

.85 

12.7 

7i» 

.96 

.92 

9.0 

60 

1.21 

.71 

3.5 

35 

1.00 

.80 

8.4 

61) 

.99 

.82 

9.2 

61 

1.05 

.78 

7.7 

51 

.91 

.98 

11.6 

77 

.97 

.74 

11.0 

69 

1.04 

.75 

8.2 

46 

.94 

.86 

16.2 

72 

.96 

.94 

6.0 

75 

.93 

.97 

7.7 

77 

.94 

.93 

10.7 

0) 

.96 

.87 

9.8 

TO 

.96 

.84 

11.3 

70 

.92 

.98 

13.1 

{S 

.98 

.96 

15.3 

93 

.97 

.97 

19.0 

88 

1.00 

.88 

14.4 

59 

1.01 

.85 

16.8 

60 

.96 

.86 

18.7 

07 

.98 

.90 

23.8 

66 

1.00 

.83 

9.6 

60 

.96 

.87 

12.6 

68 

.98 

.87 

18.1 

ttS 

1.00 

.85 

14.7 

60 

1.00 

.88 

17.0 

61 

.98 

.94 

20.2 

Tt 

.99 

.91 

22.2 

63 

.96 

.87 

11.3 

06 

.96 

.88 

18.8 

66 

.99 

.92 

14.1 

07 

.98 

.95 

17.8 

71 

1.00 

.99 

17.5 

61 

.99 

.94 

22.0 

7B 

.96 

.89 

25.2 

72 

1.09 

.78 

7.9 

68 

.92 

.85 

3.9 

71 

1.03 

.89 

6.0 

66 

1.06 

.88 

6.9 

46 

1.06 

.88 

8.5 

60 

1.01 

.82 

10.5 

68 

.95 

.90 

16.6 

79 

.97 

.88 

17.6 

ef< 

.95 

.88 

8.1 

00 

.94 

.87 

6.8 

78 

.96 

.96 

6.2 

78 

.97 

.86 

9.2 

67 

.97             .91 

10.1 

07 

.98 

.88 

10.4 

07 

.95             .90 

18.7 

84 

.95 

.89 

19.3 

79 

.89 

.82 

4.0 

73 

.98 

.90 

7.9 

66 

.99 

.82 

7.8 

61 

.97 

.84 

8.8 

66 

.98 

.90 

12.3 

82 

1.00 

.83 

12.0 

flU 

« From  vertical  velocity  i-urve.         6  Rogrnlar  bottom.         c  Rough  and  irregular  bottom. 
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W'rtiail  velitcity  nifositrements  at  cable  stathn  abox^e  McCalla  Ferry,  Pa. — Con- 
tinned. 


OistBDce  from  initial   Depth, 
point,  in  feet.        in  feet. 


Vel<x'ity,in  feet  per  second, 
by  following  methods 


Coefficient  for  re- 

ducinir  to  mean 

velocity. 


I 

Depth  of  thread  of 

!  mean  velocity. 


Vertical ,       0.« 
velocity,    depth. 


Top. 


taiO'i. 


«50a. 


6.0 
11.0 
11.5 
15.0 
16.0 
21.5 

6.0 
11.0 
13.0 
15.0 
15.0 
16.0 
21.0 


5.60 
5.80 
6.17 
5.78 
6.12 
5.86 
3.83 


4. 

4. 

4. 
4. 
5. 


97 
87 
80 
66 
54 


900«» 

7.0 
9.0 

18.0 

16.0 

16.0 

18.0 

19.0 

25.0 

geoa 

7.7 
10.0 

12.7 

16.0 

16.5 

17.7 

2.4 

6.82 


5.73 
6.20 
6.20 
6.12 
6.40 
5.55 
3.95 
5.15 
5.15 
4.95 
4.82 
5.85 
7.17 


6.;« 

6.80 
7.00 
6.20 
7.00 
6.60 
4.18 
5.63 
5.05 
5.45 
5.68 
5.72 
7.23 
1.62 
4.00 
3.77 
5.38 
5.32 
5.87 
6.32 
8.05 
2.02 
8.14 
4.00 
5.50 
5.80 
7.(77 
8.28 


o  Regular  bottom. 


1.38 

1.46 

3.14 

3.d^ 

8.38 

3.56 

5.00 

5.43  , 

4.94 

5.20 

5.80 

5.36 

6.06 

6.28 

7.20 

7.35 

i.a5 

1.98 

2.67 

2.75 

8.32 

3.4:^ 

4.90 

5.07 

6.07 

5.10 

6.40 

6.66 

7.70 

7.80 

1 

0.6 
depth. 


0.98 
.94 

1.00 
.94 
.96 
.97 
.97 
.96 
.95 
.97 
.97 
.95 
.95 
.96 
.94 
.95 
.92 
.95 
.99 
.97 
.98 
.9H 
.97 
.97 
.97 
.99 
.96 
.99 


Top. 


0.89 
.85 
.88 
.«< 
.87 
.96 

.88 
.96 

.88 

.8:^ 

.97 
.94 
.85 
.79 
.90 
.93 
.93 
.90 
.96 
.90 
.92 
.85 
.83 
.89 
.87 
.91 
.93 


In  feet. 


3.8 

7.9 

7.2 

12.1 

12.3 

16.6 

4.2 

7.5 

9.7 

10.6 

10.6 

13.0 

16.5 

4.8 

6.7 

9.7 

12.3 

11.2 

12.0 

16.0 

19.7 

5.5 

6.3 

8.6 

11.8 

10.2 

14.0 

17.4 


In  per 
cent  of 
depth. 


72 

(Si 
81 
77 
77 
70 
68 
75 
71 
71 
81 
79 
69 
74 
75 
77 
70 
67 
84 
79 
71 
63 
68 
71 
62 
79 
73 


Hecapittdation  and  deductions  from  vertical  velocity  measurements  at  Duncans 

Run. 


Group. 


Coefficients  for  reducing  to 
mean  velocity. 


I 


No.  of 
observa 
tions.     I 


Depth. 


Six- 


1 
2 
3 


£-  Lxr   -p- 


12 
23 


25 


Feet. 
4  to  10 
10  to  20 
20 


/Vr  cent. 
94.3 
94.8 

94.8 


Percent. 

106.7 
115.5 
118.4 


Percent. 

92.2 
92.2 
91.7 


Depth  of 
thread  of 

meanveloc- 
ity  in  per 

cent  of  total 
depth. 


67.8 
71.7 
70.1 


From  the  above  table  we  find,  first,  that  the  depth  of  the  thread  of 
mean  velocity  ranges  from  about  68  to  72  per  cent  of  the  total  depth, 
and  that  holding  the  meter  at  0.6  depth  gives  a  result  about  5  per 
cent  too  large;  second,  that  the  coefficient  for  reducing  top  velocity 
to  mean  velocity  is  practically  92  per  cent;  third,  that  the  coefficient 
for  reducing  the  mean  of  the  top  and  bottom  velocities  to  mean  veloc- 
ity ranges  from  106  to  118  per  cent.  The  discordance  here  is  due  to 
the  roughness  of  bed,  which  reduces  the  bottom  velocity  to  a  minimum. 
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HYDROGRAPHY    OF    SUSQUEHANNA    BASIN. 


[Ni>.   109. 


Recapitulation  and  deduciiotis  from  vertical  velocity  vieasureinents  at  cabie  sta- 
tion, McCalls  Ferry,  Pa. 


Distance  from  initial 

Deptlia,  in 
feet. 

Velocities, 

in  feet  per 

second. 

Numljer 
of  obser- 
vations. 

Coefficients  for  re- 
ducing to  mean 
velocity. 

Depth  of 

thread  of 

mean  veloc- 

I>oint^ in  feet. 

Six- 
tenths 
depth. 

0.94 

Top. 

ity  in  pM* 

cent  of  total 

depth. 

150 -. _. 

8  to  19 

3.3  to  5.8 

6 

0.92 

71 

200. 

9  to  14 

4.0  to  6. 8 

4 

.95 

.93 

76 

300..    : 

7  to  16 

5.0to6.6 

3 

1.00 

.85 

76 

850 

6  to  16 

4.2  to  8.1 

4 

.96 

.91 

80 

500 

16  to  36 

3. 8  to  9. 2 

7 

.97 

.91 

73 

550 

16  to  35 

4.3to9.7 

7 

.99 

.88 

6:3 

600 

17  to  29 

4.0  to  7.5 

7 

.98 

.92 

68 

700 

1          4  to  24 

4.7  to  7.0 

8 

.96 

.89 

ra 

850 

6  to  21 

3. 8  to  6. 8 

.96 

.91 

74 

900. 

7  to  25 

1.4to7.2 

8 

.96 

.90 

• 

74 

950.. 

8  to  24 
5  to  36 

1.9to7.7 

7 

.97 
.97 

.89 

70 

Mean 

1.4  to  9.7 

68 

1 

1 

.90 

72 

An  examination  of  the  above  table  shows,  first,  that  the  thread  of 
mean  velocity  varies  between  about  03  and  80  per  cent  of  the  total 
depth,  and  that  holding  the  meter  at  0.6  depth  gives  a  result  between 
0  and  6  per  cent  too  large,  with  an  average  of  about  3  per  cent.  Sec- 
ond, that  the  coefficient  for  reducing  top  to  mean  velocity  ranges 
from  about  85  to  93  per  cent,  with  a  mean  of  90  per  cent. 
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From  July  1,  1901,  to  August  15,  1902,  Mr.  E.  C  Murphy  made  a 
s{>ecial  study  of  the  accuracy  of  current-meter  work  and  the  laws  of 
flowing  water,  on  Chenango  and  Susquehanna  rivers,  at  Binghamton, 
X.  Y.  A  detailed  account  of  these  studies  can  be  found  in  Water- 
Supply  and  Irrigation  Paper  No.  95,  from  which  paper  the  data  used 
in  the  following  are  taken. 

Figs.  4  and  5  show  contours  of  the  bed  and  position  of  the  piers 
aud  abutments  at  the  two  measuring  stations.     The  Chenango  River 


Fig.  4.— Contour  of  bottom  of  Chenango  River  at  Court  Street  Bridge,  Binghamton,  N.  Y. 

station  is  at  Court  Street  Bridge,  Binghamton,  where  tlie  observa- 
tions were  taken.  The  channel  there  is  straight  for  about  1,000  feet 
on  each  side  of  the  station,  has  a  width  of  about  300  feet  at  low  water 
and  340  feet  at  high  water,  and  is  broken  by  three  piers.  The  bed  is 
gravel  and  cobbles,  with  large  rough  stones  around  the  piers.  The 
bed  is  seen  to  be  irregular  in  shape,  as  well  as  rough,  but  is  perma- 
nent. The  station  is  about  2,500  feet  from  Susquehanna  River,  and 
is  subject  to  backwater  at  certain  stages.    Although  the  channel  is 
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broken  by  three  piers,  the  bridge  projects  over  the  piera  on  each  side, 
so  that  the  section  of  measurement  is  continuous. 


Fia.G.-Contoaraol 


At  the  Exchange  .Street  liriUge,  where  the  observations  on  Sus- 
quehanna River  were  made,  the  ehauuel  is  straight  for  about  500  feel 
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above  anil  below  the  station,  has  a  width  of  almiit  300  feet  at  low 
water  and  about  450  feet  at  high  water,  broken  by  3  piere.  The  bed 
is  of  gravel  and  cobbles,  with  large  irregiilar-shaped-roek  filling 
around  the  piera.  The  velocity  is  rather  high,  especially  at  the  higher 
stages.  About  900  feet  above  the  sUition  is  a  dam  whose  height  is  about 
0  feet. 

The  methods  of  work  and  computations  at  each  station  were  as  fol- 
lows: The  vertical  velocitv  curve  observations  consisted  in  measur- 
ing  velocity  at  from  three  to  ^x^'i  i)oints  in  each  of  the  verticals,  the 
lowest  point  ])eing  one-half  fool  above  the  bed,  and  the  highest  1  foot 
below  the  surface.  Each  obsei'vation  covered  four  periods  of  25  sec- 
onds each.  The  velocities  (jomputed  from  these  observations  were 
plotted  on  section  paper,  and  a  smooth  curve  was  drawn  among  these 
called  the  velocity  curve.  These  points  gave,  as  a  rule,  a  well-defined 
curve,  except  near  the  bottom,  where  the  l>ed  was  rough. 

The  curves  for  each  vertical  were  grouped  according  to  gage  height, 
so  that  the  range  for  each  group  was  not  greater  than  1  foot.  A  mean 
vertical  velocity  curve  was  then  drawn  for  each  group.  In  making 
these  mean  curves  the  means  of  the  velocity  at  the  surface  and  at  each 
two-tenths  depth  of  the  original  curves  were  used.  The  resulting 
mean  curves  are  shown  in  figs.  6,  7,  8,  and  9,  and  the  deductions  from 
these  are  given  in  the  tables  headed  "  Vertical  Velocity  Measurements 
on  Susquehanna  River  at  Bingham  ton,  N.  Y.,''  and  "Vertical 
Velocity  Curves  on  Chenango  River  at  Binghamlon,  N,  Y." 

In  the  tables,  top  velocity  means  velocity  one-half  foot  below  the 
surface,  and  bottom  velocity  means  velocity  one-half  foot  above  the 
bed.  Columns  9,  10,  and  11  give  the  mean  velocities  in  each  vertical, 
as  obtained  by  three  methods,  and  columns  12,  13,  and  14  the  coeffi- 
cients for  reducing  velocities  olitained  by  either  of  these  methods  to 
mean  velocity  as  obtained  from  the  vertical  velocity  curves. 
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FiQ.  6. — Mean  vertical  velocity  curves,  Chenango  River,  Blnghamton,  N.  Y. 


FiQ.  7. — Mean  vertical  velocity  curves,  Chenango  River,  Bllighamtoiir  N.  Y. 
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Velocity  In  feol. 
4  1  2         »         4 


Fio.  8. — Mean  vertical  velocity  curves,  Susquehanna  River,  Exchange  Street 

Bridge,  Blngbamton,  N.  Y. 
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12841234284 


Fig.  9. — Mean  vertical  velocity  curves,  Susquehanna  Hlver,  upper  side  of  B]xchange 

Street  Bridge,  Binghamton,  N.  Y. 
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Vertical  velocity  measurements  on  Chetiango  River,  Binghamrton,  N.  Y. 
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From  the  curves  and  table  for  C'henaniJ^o  River  it  is  seen  tliat  the 
value  of  the  coefficient  for  reducing  velocity  obtained  by  the  six- 
tenths-depth  method  varies  from  0.93  to  1.03,  the  mean  l>eing  ().1*84. 
The  coefficient  for  reducing  velocity  obtained  by  the  top  and  bottom 
method  to  that  obtained  from  the  vertical  velocitv  curve  varies  f ixira 
0.90  to  1.13,  the  mean  being  1.041,  the  error  of  this  method  inci-eas- 
ing  as  the  depth  increases.  The  coefficient  for  reducing  velocity 
obtained  by  the  third  method  to  mean  velocity  obt^iined  from  the  ver- 
tical velocity  curve  varies  from  0.96  to  1.03,  the  mean  being  0.990. 

From  the  curves  and  table  for  Susquehanna  River  it  is  seen  that 
the  coefficient  for  reducing  velocity  at  six-tienths  depth  to  mean  velocs 
ity  obtained  from  vertical  velocity  curves  varies  from  0.95  to  1.00, 
the  mean  being  0.992.  The  coefficient  for  reducing  velocity  by  the 
top  and  bottom  method  varies  from  1  to  1.17,  the  mean  being  1.008. 
The  coefficient  for  reducing  velocity  obtained  by  the  third  method  to 
mean  velocity  varies  from  0.99  to  1.03,  the  mean  being  1.005. 

It  is  seen  from  the  result  in  these  tables:  (1)  That  the  third  method 
of  obtaining  mean  velocity  by  observing  velocity  one-half  foot  above 
the  bed  and  one-half  foot  beneath  the  surface  and  at  mid  depth  gives 
results  agreeing  very  closely  with  that  obtained  from  vertical  velocity 
curves  if  the  bed  is  smooth;  (2)  that  results  obtained  by  the  top  and 
bottom  method  agree  quite  closely  with  those  obtained  from  vertical 
velocity  curves  if  the  depth  is  small  and  bed  smooth,  and  that  the 
error  by  this  method  increases  as  the  depth  increases;  (3)  that 
velocities  obtained  by  the  six -tenths -depth  method  are  somewhat 
larger  than  those  obtained  from  vertical  velocity  curves  if  the  average 
depth  is  greater  than  about  4  feet. 

The  series  of  vertical  velocity  measurements  made  at  IlaiTishurg 
were  taken  on  November  2,  1903.  They  consisted  of  20  measuir- 
ments  at  depths  ranging  from  3  to  8  feet  and  mean  velocity  varying 
from  1.5  to  2.6  feet  per  second.  The  results  of  these  measuremeuts 
are  shown  in  the  following  table  and  by  the  curves  on  PL  XXVI. 
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From  these  observations  at  Ilarrisburg  we  find,  first,  that  the  depth 
of  the  thread  of  mean  velocity  ranges  from  51  to  72  per  cent  of  the 
total  depth  and  that  the  mean  is  Gl  per  cent.  The  error,  therefore, 
introduced  by  holding  the  meter  at  O.G  depth  is  only  about  1  per  cent. 
Second,  the  mean  coefficient  found  for  reducing  top  and  bottom  veloci- 
ties to  mean  velocities  is  1.08.  Third,  the  coefficient  for  reducing 
velocities  by  the  integration  method  to  mean  velocity  is  0. 98.  Fourth, 
the  coefficient  for  reducing  top  velocity  to  mean  velocity  is  0.85. 
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An  iiit<erstu<ly  of  those  various  sories  of  verticarvelocity  measure- 
ments shows  that  at  these  stations  for  depths  up  to  about  10  feet  and 
velocities  not  over  5  feet  per  second  the  depth  of  the  thread  of  mean 
velocity  is  practically  (30  per  cent  of  the  total  depth,  while  for  depths 
over  10  feet  and  velocities  over  5  feet  per  second  the  depth  of  the 
thread  of  mean  velocity  becomes  greater,  averaging  a1>out  70  per  cent 
of  the  total  depth. 

The  coefficient  for  reducing  top  velocities  to  mean  velocity  for 
depths  under  10  feet  and  velocities  under  5  feet  is  about  0.85,  while 
for  greater  depths  and  velocities  it  increases  to  a  maximum  of  about 
0.92. 

The  top  and  bottom  velocities  invariably  give  too  small  results, 
depending  upon  the  roughness  of  the  bed. 

Furthermore,  it  is  found  that  although  the  depth  of  the  thread  of 
mean  velocity  may  vary  between  50  and  80  per  cent  of  the  total  depth, 
the  error  caused  by  holding  the  meter  at  60  per  cent  of  the  depth 
does  not  exceed  5  or  6  per  cent,  which  is  within  the  limits  of  the  aecu- 
rac}'  one  can  expect  in  stream-measurement  work. 

'  The  following  table  gives  a  summary  of  the  results  of  the  various 
series  of  vertical  velocity  measurements  in  the  Susqehanna  drainage: 

Summary  of  results  of  vertical  velocity  measurements. 
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WATKU  POWKU. 

GENERAL  DISCUSSION. 

In  marked  contrast  to  the  New  England  streams,  the  jwwer 
resources  of  the  Sus<iiielianiia  River  basin,  one  of  the  largest  drain- 
ing into  the  Atlantic  Ocean,  are  little  developed. 

As  shown  by  the  tables  on  pages  204,  205,  taken  from  schedules  fur- 
nished by  the  manufacturers'  division  of  the  Twelfth  Census,  1900,  a 
maximum  of  10,375  horsepower  is  utilized  in  the  portion  of  the 
drainage  area  in  New  York  and  .-38,812  horsepower  in  Pennsylvania. 
This  makes  a  total  of  less  than  50,000  horaepower — an  amount  which, 
according  to  the  estimates  of  various  engineers,  can  be  developed  at 
any  of  several  points  on  the  lower  river.  By  far  the  greater  part  of 
this  is  developed  intermittently  u[K)n  the  smaller  tributary  streams 
by  mills  of  from  20  to  50  horsepower.  Pis.  XXVIII  and  XXIX  show 
the  profile  of  Susquehanna  River  and  its  principal  tributaries.  These 
profiles  are  made  up  from  data  obtained  from  the  army  engineers,  the 
report  of  the  Tenth  Census,  Vol.  XVI,  and  from  levels  furnished  by 
private  engineers,  as  shown  in  the  tables  on  pages  207-210. 

Over  the  greater  portion  of  the  river  above  Harrisburg  the  fall  per 
mile  is  from  1  to  2  feet,  while  ImjIow  Harrisburg  the  fall  increases  to 
between  5  and  8  feet,  and  it  is  here  that  the  greatest  opportunities 
for  large  power  developments  exist.*  The  only  point  on  the  entire 
river  at  which  this  fall  is  now  l>eing  utilized  to  any  great  extent  is  at 
York  Haven,  where  a  paper  mill  uses  2,000  horsepower,  and  a  large 
electric-power  plant  in  course  of  construction  will  soon  use  10,000  or 
20,000  more. 

Mr.  W.  F.  Bay  Stewart,  of  York,  Pa.,  describes  the  York  Haven 
Power  Plant,  as  follows: 

The  York  Haven  Water  and  Power  Company's  plant  is  located  at  the  foot  of 
the  Conewago  Falls  on  the  Susquehanna  River,  ten  miles  from  York  and  sixteen 
miles  below  Harrisburg.  The  natural  fall  at  this  point  is  about  23  feet  in  about 
three-quarters  of  a  mile.  The  method  of  utilizing  this  fall  is  by  building  a  wing 
dam  out  into  the  river  above  the  falls  and  turning  the  greater  portion  of  the  flow 
by  means  of  this  wing  dam  within  a  retaining  wall  3,500  feet  long,  constructed  of 
masonry.  This  wall  is  built  along  the  river  shore  just  above  low  water.  The 
wall  is  16  feet  high  at  the  upper  end  and  32  feet  high  at  the  lower  end,  it  is  6  feet 
wide  on  top  all  the  way,  and  is  built  vertical  on  the  inside  and  with  a  batter  on 
the  outside  toward  the  river.  The  width  of  the  foundation  increases  with  the 
height  of  the  wall,  so  that  at  the  lower  end  it  is  about  22  to  24  feet  in  width.  It 
is  built  of  rubble  masonrv  laid  in  cement. 

The  t)ower  house  begins  at  the  lower  end  of  this  wall,  and  is  about  50  feet  wide 
and  480  feet  long.  It  coTitains  twenty  full-sized  chambers  and  one  smaller  cham- 
l)er.  The  design  is  to  install  in  each  of  these  chambers  two  COO-horsepower 
water  w^heels,  and  to  connect  the  shafts  of  these  water  wheels  by  means  of  bev- 
eled gears  at  their  top  with  the  shaft  of  a  750-kilowatt  generator,  which  nms 
horizontally  and  which  is  intended  to  develop  at  least  1,000  horsepower.    To 
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equip  the  plant  will  require  forty  600-hor8epower  water  wheels  and  tw^ent} 
generators.  In  addition  to  this,  in  the  smaller  chamber  there  will  be  installed 
two  3(M)-hor8epower  water  wheels  which  drive  two  exciters,  dnplicates.  either 
one  of  which  is  capable  of  exciting  the  whole  plant.  This  building  up  to  a 
height  of  84  feet  is  of  the  same  class  of  masonry  as  the  retAining  waU.  and  these 
chambers  for  water  wheels  are  practically  openings  in  an  otherwise  solid  ma8t> 
of  masonry  4B0  feet  long  by  50  feet  wide  and  34  feet  high.  On  top  of  thi> 
foundation  is  a  brick  building,  one  portion  of  which  is  two  story  and  the  remain- 
ing, one  story.  In  the  two-story  i)art  the  switch  boards  and  controlling  device:^ 
are  located.  At  the  lower  end  of  this  building  and  at  right  angles  to  it  another 
wall  is  constructed  the  same  height  as  the  high  part  of  the  retaining  wall  and 
about  170  feet  long.  This  wall  then  extends  in  an  irregular  form  aronnd  the 
buildings  of  the  York  Haven  Paper  Company's  plant  to  the  main  land.  On  the 
angle  of  this  wall  is  constructed  a  tranformer  house  sufficient  to  receive  the  ma- 
chinery for  transforming  all  the  current  generated  in  the  generating  plant.  The 
current  is  developed  at  3,400  volts  and  stepped  up  to  24,000  volts  in  this  trans- 
former house  and  is  transmitted  at  this  voltage  to  points  of  consumption.  The 
company  has  built  a  transmission  line  capable  of  transmitting  6,000  horsepower 
from  York  Haven  to  York,  where  another  transformer  house  has  been  built  eapa- 
ble  of  transforming  24,000  volt  current  down  to  2,200  volts,  at  which  voltage  it 
will  be  delivered  to  customers.  It  is  the  purpose  of  the  company  to  build  a  like 
transmission  line  to  Harrisburg,  with  a  like  transformer  house  at  that  city,  and. 
possibly,  also  to  Lancaster,  Pa.,  which  is  about  20  miles  from  the  plant.  The 
machinery  installed  and  to  be  installed  in  this  plant  is  capable  of  an  overload 
of  2.")  per  cent,  thus  increasing  the  capacity  to  25,000  horsepower,  and  of  course 
it  could  be  more  largely  increased  by  raising  the  head. 

Between  York  Haven  and  the  mouth  of  the  river  there  is  a  fall  of 
about  270  feet.  The  mean  annual  discharge  at  Y'ork  Haven  from 
1891  to  1004,  inclusive,  is  about  40,000  second-feet.  By  applying  the 
rule  that  11  second-feet  of  water  falling  1  foot  eqnals  a  horsepower 
with  80  per  cent  efficiency  it  is  seen  that  between  York  Haven  and 
the  outlet  of  the  river  there  about  one  million  horsepower  running 
to  waste,  though  several  neighboring  cities  would  afford  an  eager 
market  for  all  that  could  be  developed.  There  are,  of  course,  several 
obstacles  in  the  way  of  development,  perhaps  the  most  serious  of 
which  would  be  the  occasional  ice  freshets  and  gorges,  making  sub- 
stantial protective  works  necessary  and  reducing  or  obliterating  the 
available  head.  Between  the  narrows  above  McCalls  Ferry  and  Port 
Deposit,  however,  the  ice  passes  down  through  either  a  deep  or  a 
broad  channel,  with  no  tendency  to  gorge  and  seldom  doing  damage. 
At  present  there  are  several  individuals  and  companies  who  are  pro- 
moting power  schemes  on  the  lower  river,  and  a  large  plant  at  York 
Haven  has  recently  been  completed. 

Mr.  H.  F.  Labelle,  who  spent  several  years  in  the  study  of  the 
power  possibilities  of  the  lower  Susquehanna,  states  the  following  in 
regard  to  the  power  developments  on  the  lower  Susquehanna  River: 

The  bed  of  the  stream  from  Columbia  to  Port  Deposit  is  for  the  most  part 
very  wide,  varying  from  3,500  feet  to  al)out  2^  miles  opposite  Washingtonboro 
There  are. however,  a  few  "narrows,"  as  at  Conowingo  and  McCalls  Ferry.    The 
stream  Ijeing  wide  and  mpid,  it  naturally  follows  that  at  low  water  it  is  verj 
shallow  and  can  lie  forded  in  many  places.    The  water  in  the  narrows  is,  how- 
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*ver,  very  deep.  At  Conowingo  Bridge,  on  the  west  side,  there  is  a  narrow  chan- 
lel  over  one-half  mile  long  in  which  depths  of  To  feet  have  l)een  found.  At 
MfCalls  Ferry,  where  the  river  narrows  to  alxint  Ji(M)  feet,  the  dei)th  is  also  con- 
dderable.  These  deep  channels  are  also  met  here  and  there  on  the  wider  parts  of 
tbe  river — ^namely,  between  Turkey  Hill  and  Star  Rock  station,  on  the  east  side, 
B^tiere  depths  of  over  90  feet  have  been  found. 

The  Susqaehanna  and  Tide- water  canal  skirts  the  west  side  of  the  river  from 
Wrightsville  to  Havre  de  Grace.  Before  the  building  of  the  Philadelphia,  Balti- 
more  and  Washington  Railroad  and  the  Fre<lerick  Branch  of  the  Pennsylvania 
Railroad  this  canal  had  a  brisk  carrying  trade,  chiefly  in  coal  from  the  anthra- 
cite regions.  The  flood  of  June,  1889,  wrecked  the  canal  in  many  places.  The 
cost  of  repairs  was  very  high,  and  the  canal  continued  in  operation  until  May, 
1 894,  ^when  another  flood  caused  considerable  damage  to  the  property.  Since  that 
time  it  has  been  practically  out  of  operation.  After  changing  hands  several 
times,  it  was  finally  bought  by  the  Susquehanna  Electric  Power  Company,  of 
Baltimore.  This  company  is  about  to  begin  the  construction  of  their  first  plant, 
below  Peach  Bottom.  The  Frederick  Branch  of  the  Pennsylvania  Railroad  runs 
on  the  west  side  of  the  river  from  Columbia  to  Perry ville,  where  it  connects  with 
the  main  line  of  the  Philadelphia,  Baltimore  and  Washington  Railroad. 

The  minimum  discharge  of  the  river  at  Shures  Landing  can  be  taken  safely  at 
6,(H)0  second-feet.  This  would  give  a  minimum  gross  power  to  be  developed  from 
Columbia  to  tide  water  of  158,000  horsepower.  The  proposed  plants,  however, 
have  been  designed  for  a  supply  of  10,000  second-feet,  which  is  available  most  of 
the  time. 

This  would  give  a  possible  power  of  about  255,000  horsepower.  This  available 
power  can  almost  be  totally  utilized,  and  the  writer  knows  of  projects  on  the 
river  aggregating  over  185,000  horsepower. 

The  power  available  on  the  Susquehanna  has  at  its  disposal  a  much  better 
market  than  any  other  in  the  United  States,  not  barring  Niagara  Falls.  Balti- 
more is  a  little  more  than  40  miles  from  the  half  of  the  minimum  power  and  Phil- 
adelphia is  within  65  miles  of  the  two  lower  plants,  taking  on  the  way  Wilming- 
ton, with  its  heavy  power  consumption. 

The  upi)er  plants  are  within  easy  reach  of  Lancaster,  York,  Harrisburg,  Read- 
ing, and  other  manufacturing  centers.  Eastern  Pennsylvania,  with  its  great 
manufacturing  activity,  will  surely  avail  itself  of  whatever  amount  of  power  can 
be  developed  on  the  river,  and  towns  like  Havre  de  Grace  (10  miles  below  Shures 
Landing) ,  located  on  two  of  the  large  trunk  lines  between  the  North  and  the 
South  and  also  at  the  head  of  Chesapeake  Bay,  can  be  transformed  by  cheap 
power  into  manufacturing  centers  of  no  mean  importance. 

There  is  no  doubt  that  with  the  help  of  steain  plants— and  there  are  many 
already  established  in  the  larger  cities  of  the  district— 400,000  horsepower  could  be 
developed  on  the  river  below  Columbia  and  find  a  ready  and  remunerative  market. 
Starting  from  tide  water  the  principal  plants  projected  are  as  follows:  (1)  Con- 
owingo plant,  25,000  to  35,000  horsepower;  (2)  the  Peach  Bottom  plant.  40,000  horse- 
power: (3)  the  Fites-Eddy  plant,  40,000  horsepower;  (4)  the  York  Furnace,  Mc- 
Calls  Ferry  plant,  45,000  horsepower;  (5)  the  Turkey  Hill  plant,  30,000  horsepower. 
There  is  about  9  feet  fall  available  below  the  Conowingo  works,  but  it  is 
l^elieved  that  the  conditions  would  not  make  it  advisable  to  develop  any  power  at 
that  point. 

At  Conowingo  the  power  house  is  located  a  short  distance  above  Shures  Landing. 
The  building  extends  for  a  distance  of  about  500  feet,  square  across  the  stream 
from  the  west  shore.  The  original  development  is  to  be  of  25,000  horsepower,  but 
provision  is  made  in  the  power  house  for  the  development  of  10,000  additional 
horsepower.    From  the  river  end  of  the  i)ower  house  the  dam  extends  upstream 
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a  distance  of  1 ,2<M)  feet,  the  crest  V>eing  at  an  elevation  of  50.5  feet.  The  dam  X^i 
turns  toward  the  foot  of  McDowells  Island,  800  feet  awav:  thence  it  followpthr 
center  of  McDowells  Island  for  3,600  feet  to  its  head,  and  thence  it  goes  diagonaDT 
to  the  east  shore,  a  distance  of  2,600  feet.  The  last  7,000  feet  have  their  crest  a: 
an  elevation  of  43  feet,  except  200  feet  close  to  the  high  -part  of  the  dam,  whert  a 
spillway  for  ice  has  been  located,  its  crest  lieing  at  an  elevation  of  41  feet.  A 
needle  dam  will  dose  this  spillway  at  ordinary  stages.  The  river  al*\> 
McDowells  Island  is  over  3.000  feet  wide  and  the  dam  forms  a  pool  over  4  mil^ 
long.  It  has  a  sufficient  roll  way  to  pass  the  highest  known  floods  withoa: 
endangering  the  riparian  i)r()i>erty  alx)ve  it.  The  high  part  of  the  dam  and  the 
McDowells  Island  section  are  8  feet  wide  on  the  crest.  The  remainder  of  the  dam 
has  a  crest  12  feet  wide.  The  whole  dam  will  be  of  rubble,  with  ashlar  facing  <-i 
the  downstream  side.  Borings  have  shown  that  a  continuous  rock  bottom  ml 
be  obtained  on  McDowells  Island  at  an  average  depth  of  1 1  feet.  The  generating 
plant  will  probably  l)e  divided  into  1 ,250  kilowatt  units.  The  turbines  will  ]- 
vertical,  with  draft  tul)e.  One  pair  of  turbines  will  serve  each  dynamo,  thecinj 
nection  l)etween  turbines  and  horizontal  shaft  of  dynamo  being  made  by  tw 
crown  wheels  engaging  l)evel  gears  on  this  shaft. 

The  working  head  will  l)e  34  feet  at  low  water  and  30  feet  at  ordinary  stages^. 

The  Turkey  Hill  plant  is  l(x;ated  l)etween  Turkey  Hill  and  Safe  Harbor,  on  tl> 
esist  side  of  the  river.     At  Turkey  Hill  the  river  is  about  1  mile  wide,  and  a  l-^ 
diverting  dam  about  5  feet  high  will  form  a  large  pond  above  it.     This  p  l 
extends  to  Columbia,  a  distance  of  5  miles,  and  its  width  varies  bet'ween  1  and: 
miles.    The  head  and  t  dl  race  canals  are  formed  by  an  embankment  parallelici 
the  railroad  track  and  forming  a  canal  varying  from  190  to  250  feet  in  widths' 
the  l)ott()m.    This  embankment  is  about  3  miles  long.    It  is  composed  of  a  riv^r 
wall  in  cement  battering  1 A  inch  per  foot  on  the  river  side  and  2^  inches  on  tl- 
back.     Next  to  this  is  the  loose  rock  embankment  proper,  40  wide  on  top  ai 
sloping  1  to  I  on  the  power-canal  side.    This  mode  of  construction  will  meet  tb 
impact  of  the  ice  and  prevent  it  from  overtopping  the  embankment.     At  the  mar 
dam,  and  close  to  the  head  works,  there  will  be  a  raft  chute  and  a  raft  chanr- 
leading  from  it  and  close  to  the  embankment  on  the  river  side.     The  avera:- 
working  head  will  he  30  feet,  and  the  power  house  will  be  located  at  Star  Rock 

DURATION   OF  THE   STAGES   OF  THE    LOWER  SUSQUEHANNA. 

In  order  to  show  the  moan  conditions  and  the  duration  of  flow  whii  *] 
have  existed  on  the  lower  Suscjuehanna  River  during  the  last  tweh-i 
years — 1801  to  1002,  inclusive — the  curves  in  PI.  XXVII  have  been  co 
structed.    Tlie  dotted-line  curve  is  plotted  with  gage  heigh tj^  as  ordi: 
ates,and  with  the  number  of  daj^s  during  the  mean  year  on  \vhieh  u 
stage  of  the  river  was  less  than  the  given  gage  height  as  absei.ss 
The  full-line   curve   shows  the   number  of  <lays  during    the  mei-i 
year  \vhen  tlie  discharge  w^as  below  any  given  amount.     In  the  pref 
ration  of  these  curves  the  llarrisburg  gage  heights  for  each  3'ear,  i 
shown  on  pages  108  to  114,  were  tabulated  according  to  inagiiitii'] 
The  number  of  days  during  the  year  when  the  water  stood  at  each  gaj 
heigbt  were  then  tabulated,  and  from  these  the  numl>erof  days  duri  i 
the  year  when  the  river  was  l()W(>r  than  the  various  gage  heights  t.  i 
determined.    The  curvets  were  constructed  from  the  mean  of  thes<^  vi^a 
tables,  and  in  the  cas(»  of  the  full-line  curve  the  discharges  as  gi\i 
in  the  rating  table  on  pag(»  llo  were  substituted  for  the  gago  beiizl.  i 
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To  use  the  two  curves  in  conjunction  with  each  other,  enter  the 
iag^ram  with  a  certain  gage  heiglit,  find  where  it  intersects  thegage- 
ei{2:lit  curve,  then  follow  the  ordinate  of  this  intersection  until  it  cuts 
he  discharge  curve,  and  the  discharge  for  that  particular  gage  height 
5  found  on  the  right  side  of  the  diagram. 

Assuming  that  the  discharges  at  the  various  points  in  this  portion  of 
he  river  vary  in  proportion  to  the  drainage  area  above,  one  can  readily 
Letennine  by  the  use  of  the  curves  the  conditions  which  may  reason- 
ably be  expected  at  any  point  below  Ilarrisburg.  For  example,  sup- 
)Ose  one  wishes  to  know  how  many  days  during  the  mean  year  the 
lischarge  will  be  less  than  5,500  second-feet  at  the  Pennsylvania- 
^laryland  line,  where  the  drainage  area  is  27,150  square  miles,  or  13 
>er  cent  more  than  at  Ilarrisburg.  As  the  drainage  area  at  Harris- 
>urg  is  88.6  per  cent  of  that  at  the  State  line,  5,500  second-feet  would 
orrespond  to  a  discharge  of  4,870  second-feet  at  Ilarrisburg.  From 
he  full-line  curve  on  PI.  XXVll  we  find  that  for  twenty  days  during  the 
mean  year  the  discharge  is  less  than  4,870  second-feet  at  Ilarrisburg, 
3r  5,500  second-feet  at  the  Maryland-Pennsylvania  line. 

By  applying  the  following  simple  rule  for  horsepower  it  is  possible 
to  determine  the  probable  power  which  could  be  developed  during  a 
mean  year  at  any  point  in  the  lower  Susquehanna: 

Rule:  Horsepower  on  the  turbine  shaft  equals  the  discharge  in  sec- 
oiid-feet  multiplied  by  the  fall  divided  by  11.  This  is  based  upon  an 
assumption  of  80  per  cent  efficiency  for  the  turbines. 

Applying  this  to  the  above  example,  we  find  that  for  three  hundred 
and  forty-five  days  during  the  mean  year  500  horaepower  for  80  per 
cent  efficiency  can  be  developed  for  each  foot  fall  at  the  Maryland- 
Pennsylvania  line. 

RULES   FOR   ESTIMATING   DISCHARGE. 

The  approximate  mean  monthly  discharge  in  second-feet  for  any 
stream  in  the  Susquehanna  drainage  basin,  may  be  determined  in 
either  of  two  ways — 

First.  Its  drainage  area  in  square  miles  can  be  taken  from  the 
table  on  page  15,  or  measured  on  a  map,  and  multiplied  by  the 
monthly  run-off  in  second-feet  per  square  mile  given  in  the  tables  of 
the  nearest  gaging  station. 

Second.  The  monthly  rainfall  in  inches  for  the  district,  as  deter- 
mined from  the  tables  on  pages  161  to  171,  can  be  multiplied  by  the 
per  cent  of  run-off  for  that  month  at  the  nearest  of  the  three  gaging 
stations — Wilkesbarre,  Williamsport,  or  Harrisburg — giving  the  total 
monthly  run-off  in  inches.  This  result  multiplied  by  one  of  the  fol- 
lowing coefficients  gives  the  mean  monthly  run-off  in  second-feet  per 
square  mile : 

Formonthof  28  days 0.9603 

For  month  of  30  days 8963 

Formonthof  31  days 8674 
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[NO.  100. 


The  drainage  area  in  square  miles  may  be  found  as  before,  an^i 
if  multiplied  by  the  above  product  will  give  the  mean  discharge  of 
tlie  stream  for  that  month  in  second-feet. 

The  horsepower  may  then  be  computed  by  the  rule  on  page  203. 

TABLES   SHOWING   DEVELOPED   HORSEPOVSTER  AND  ELEVATIONS. 


Horsepower  developed  in  New  York  oil  Susquehanna  River  and  tributaries." 


County. 


Broome  __ 
Chemung 
Chenango 
Cortland  _ 
Delaware 
Madison . . 
()tsej3:o  ... 
Schoharie 
Steuben  .. 
Tioga 


9 
23 

0 
23 
12 


Total  in  State  ,    130 


Orist  and  flour 
mills. 

Sa^ 

Num- 
ber of 
mills. 

Total 
horse- 
power. 

Num- 
ber of 
mills. 

13 

840 

9 

9 

426 

0 

20 

963 

23 

12 

668 

11 

9 

314 

10 

367 

748 


1,155 
402 


8 
35 
2 
3 
1 


5, 883       102 


nUls. 

Miacellaneou8.fr 

Total 
horse- 
p  iwer. 

Num- 
ber of 
mills. 

Total 
horse-    . 
power. 

291 

3 

1 
33 

0 

0 

0 

759 

6 

163 

463 

4 

77 

276 

0 

359 

2 

175 

1,453 

2 

155 

45 

0 

121 

6 

27 

55 

1 

40 

1 

3,822 

24 

670 

1 

Total 
horse- 
power ill 
county 


1,164 

1 . 8??'. 
I.IH^ 

59<) 

2,356 

4o 

1,3«)3 

497 

10. 37.1 


oFrom  manuscript  schedules  of  the  Twelfth  Census. 

^Includes  woolen  mills,  tanneries,  printing,  cordage,  and  carriage 


works. 
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Horsepower  developed  in  Pennsylvania  on  Susqnelumna  River  and  trilmtaries,^^ 


Ck>nnty. 

Flour 

I 

Nnm- 
Ijer  of 
mills. 

24 
84 
26 
29 

4 

26 
11 
11 
35 
40 
39 

1 

9 

2 
30 
20 

7 
176 
22 
24 
81 
16 

6 
22 
31 

1 
21 
17 

7 
29 
15 
18 
23 
145 

and  g:rist 
Hills. 

Total 
horse- 
power. 

8av 

Num- 
ber of 
mills. 

rmills. 

Total 
horse- 
power. 

90 
100 

40 
186 
218 
125 
210 
213 
166 

20 

63 

Creameries 

and  paper 

mifisV 

Electr 
pi 

Num- 
ber of 
mills. 

ic  power 
snts. 

Total 
horse- 

Num- 
ber of 
mills. 

Total 
horse- 
'  power. 

Total 
horse- 
power. 

power  in 
county. 

734 
699 
597 

1,175 
111 

1,022 
350 
451 

1,217 

1,179 

1,004 
13 
169 
51 
979 
487 
324 

5,451 
615 
712 

1,530 
605 

ia5 

445 
697 
20 
488 
277 
224 
965 
554 
632 
835 
3,596 

5 
5 
2 
5 

8 
7 
7 
6 
9 
1 
4 

1 

824 

Bedford 

1 

799 

Blair 

1 

25 

662 

Bradford ...     . 

1,361 

Cambria 

1 

329 

Center 

1 

10 

1,157 

Clearfinld 

560 

Clinton 

1 
2 
2 

120 
270 

784 

0»lninbift 

1,653 

Camberland 

Dauphin 

355 

1 
2 

121 
360 

1,675 
1,427 

Elk-   

13 

FranWin 

1 
2 
2 
2 
3 
11 
2 
8 
6 

10 

27 

40 

50 

90 

667 

30 

205 

140 

....  * 

179 

Fulton 

......  . 

78 

Huntingdon 

Juniata 

1 

•     1,019 

537 

Lackawanna 

414 

Lancaster 

9 

225 

4 

1.262 

7,605 
645 

Luzerne 

1 

125 



1 

-      - 

208 

1,250 

LycominflT 

1,670 

Mifflin 

605 

Montour 

135 

Northumberland. . 

445 

Perry  

7 

154 

851 

«r         ------------ 

Potter _ 

1 

20 

Snyder 

6 
2 
5 
17 
1 
2 
5 
8 

176 
45 

129 

619 
55 
32 

194 
94 

664 

Schuylkill 

322 

Snllivan 

1 
1 

250 
275 

603 

Susquehanna 

1,859 

Tioga 

609 

Union 

664 

W  yoming 

1,029 

York 

3 

2,175 

1 
11 

1 

500 

6,365 

Total  in  State 

952 
Promi 

28,343 
nanuacrip 

149 
tschecj 

4,188 
lules  of  tl 

20 
tieTwc 

3, 305 

2,976 

38,812 

a 

ilfth  Ceni 

9US. 
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Water  poioer  lined  for  electric  light  and  power  development  in  Susquehanna 

drainage,  f^ 


Name  of  establiflhiuent. 


Power. 


County. 


Post-office. 


West  Earl    Electric    Light  and  Lancaster  .. 
Power  Co. 

Eagles  Mere  Light  Co Sullivan 

Harrisburg     Light,     Heat     and  Danphin 

Power  Co. 

Lancaster   Electric   Light,   Heat  Lancaster 

and  Power  Co.  ! 

Manheim    Electric    Light,   Heat  do 

and  Power  Co. 

Millersburg  Electric  Light,  Heat  Dauphin 

and  Power  Co. 

Delta  Electric  Power  Co York 

John  Hoefeld  Co Cumberland 

Strasburg  Electric  Light  Plant ...  I  Lancaster. . . 


Brownatown . 

Eagles  Mere . 
Harrisburg . 

Lancaster  ... 

Manheim 

Millersburg  . 


Water 

wheels. 

• 

£ 

• 

a 

0 

» 

CU 

1 

.nl) 

Steam.     Electric 


£ 
s 


Susquehanna  Electric  Light,  Heat 
and  Power  Co. 

White  Haven  Electric  Illuminat- 
ing Plant. 

Total 


Susquehanna 
Luzerne 


Peach  Bottom 
Shippensburg 

Sti-asburg 

Susquehanna .  i    1 


Whitehaven 


4 
8 
2 
2 
2 

2 


250 
300 

1,050 


u 

O 


£     t 


I 


10  2,980 
1  '    3% 


SI 
1  '       >• 

On        o,  »¥i 

12  ■  i,:« 


29 


100 

1 

ISO 

1 

Itl! 

HO 

2 

175 

2 

ar 

500 

1 

47" 

121 

1 

40 

91' 

62 

1 

4 

Si 

276 

2     :«) 

tn 

208 

* 

?:•> 

1 
1  - 

2,976 

17  J3.990 

I 

70 

7,49: 

a  From  manascript  schedules  of  the  Twelfth  Census. 
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Approximate  elevatiowf  and  slope  of  Su^quelianna  River  and  North  Branch, 


Locality. 


Month 

Port  Deposit 

Stateline 

Peach  Bottom 

Muddy  Creek 

McCaUsFerry 

York  Fnmace 

Safe  Harbor 

Turkey  Hill 

Columbia 

Head  Conewago  Falls. . 

Harrisbtirg 

Mouth  Juniata  River. . 

Liverpool 

Selinsgrove 

Below  Sunbury  dam . . . 
Below  Nanticoke  dam  . 

Wilkesbarre 

Pittston 

Gardners  Creek 

Tunkhannock 

Mehoopany  Creek 

Tuflcarora  Creek 

Wyalusing 

Rummerfield  Creek 

Big  Wysox  Creek 

Towanda 

Ulster  Ferry 

Mouth  Chemung  River 
Athens 


J^SSS""*      Elevation 
,^S.     .•bovetide. 


Distance 

between     Fall  between  points, 
points.     ' 


Miles. 

0 

5 

15 

18 

21 

26 

30 

84 

39 

45 

58 

73 

88 

107 

126 

131 

189 

197 

204 

210 

228 

239 

249 

261 

270 

276 

281 

289 

294 

297 


Feet, 

0 
2 
69 
85 
98 
115 
140 
168 
210 
225 
273 
290 
336 
379 
422 
423 
509 
525 
539 
551 
587 
615 
630 
656 
678 
694 
706 
727 
742 
752 


Miles, 

Feet. 

• 

Ft.permile. 

5 

.___. 

2 

0.4 

10 

67 

6.7 

3 

16 

5.8 

3 

13 

4.8 

5 

17 

5.4 

4 

25 

6.2 

4 

28 

7.0 

5 

42 

8.4 

6 

15 

2.5 

13 

48 

3.7 

15 

17 

1.1 

15 

.46 

8.1 

19 

43 

2.3 

19 

43 

2.3 

5 

1 

.2 

58 

86 

1.5 

1               8 

16 

2.0 

7 

14 

2.0 

6 

12 

2.0 

18 

36 

2.0 

11 

28 

2.5 

10 

15 

1.5 

12 

26 

2.2 

9 

22 

2.4 

6 

16 

2.7 

5 

12 

2.4 

8 

21 

2.6 

5 

15 

3.0 

3 

10 

8.8 

IRR  109—05 


-16 
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Approximate  elevations  and  slope  of  Juniata  River, 


Locality. 


Month 

Millerstown  dam,  water  below. 

Millerstown  dam,  crest 

Mifflin 

Lewistown  dam,  water  below. 

Lewistown  dam,  crest 

Mc  Veytown 

Newton  Hamilton  dam,  water 
below 

Newton  Hamilton  dam,  crest. . 

Huntingdon  dam ,  water  below. 

Huntingdon  dam,  crest 


Distance 

from 
mouth. 


Elevation 
above  tide. 


Miles. 


0 
16 
16 
84 
44 
44 
61 

68 
68 
90 
90 


Feet. 
336 
380 
388 
417 
442 
450 
476 

512 

520 

±610 

±622 


Distance 

between 

points. 


Miles. 


16 
0 

18 

10 
0 

17 

7 

0 

22 

0 


Fall  between  points. 


Feet. 


44 
8 

29 

25 
8 

26 

36 

8 

90 

12 


Ft.permiir. 


1.6 
2.5 


1.5 


5.1 


4.1 


ApproQcimate  elevations  and  slope  of  Raystown  Branch  of  Juniata  River. 


Locality. 


Month 

Near  Saxton . 
Pipers  Bnn.. 
Moxmt  Dallas 


^S*?r®    i  Elevation 
iouTh.      above  tide. 


Miles. 


0 
40 
53 
79 


Feet. 

595 

837 

891 

1,016 


Distance    i 

between    i  Fall  between  jmintj*. 
points. 


Miles. 


40 
18 
26 


Feet. 


Ft. per  ■mile 


242 

54 

125 


6.0 
4.2 

4.8 


^ 


110 YT   AN 
ANDBB80N 
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Approximate  elevations  and  slope  of  Fi^ankstoten  Branch  of  Juniata  River. 


LocaUty. 


Big  .Water  Street  dam,  water 
below 


Big  Water  Street  dam,  crest . . 

Little  Water  Street  dam ,  water 
below 

Little  Water  Street  dam,  crest. 

Willow  dam,  water  below 

Willow  dam,  crest 

Donnelly's  dam,  water  below . 

Donnelly's  dam,  crest 

Smoker's  dam,  water  below.  _ . 

Smoker's  dam,  crest 

Mnd  dam,  water  below 

Mnd  dam,  crest 


Williamfiburg  dam,  water  be- 
low   _ 

Williamsbnrg  dam,  crest 

Threemile  dam,  water  below. . 

Threemile  dam,  crest 

Crooked  dam,  water  below  . . . 

Crooked  dam,  crest 


Frankstown  dam,  water  be- 
low   

Frankstown  dam,  crest 


HoUidaysborg  dam,  water  be- 
low   


Hollidaysbnrg  dam,  crest. 


Huntingdon  dam,  crest 

Piper's  dam,  water  below 

Piper's  dam,  crest 

Petersburg  dam,  water  below. 
Petersburg  dam,  crest 


Distance 
from  Hunt- 
ingdon. 


Miles. 
0.0 
2.5 
2.5 
4.1 
4.1 

10.0 
10.0 

12.4 
12.4 

14.4 
14.4 
17.0 
17.0 
18.7 
18.7 
20.1 
*  20. 1  j 

23.0  ! 

28.0 ; 

24.1 
24.1 
27.2 
27.2 

38.5 
83.5 

36.4 
86.4 


Elevation 
above  tide. 


Feet. 
622 
628 
686 
641 
648 

698 

712 

714 
726 

728  , 
741  I 
770  ' 
784  I 
787  I 
799 
800 
808 

831 
839 
839 
856 
856 
866 

895 
899 

923 
927 


Distance 

between 

points. 


Miles. 


2.5 
0 

1.6 
0 

5.9 
0 


Fall  between  points. 


Feet. 


Ft. perm  tie. 


6.3 

0 

2.9 
0 


6.0 
8.0 
5.0 
6.5 


2.4 

2.0 

0 

12.0 

2.0 

2.0 

0 

13.0 

2.6 

29.0 

0 

14.0 

1.7 

3.0 

0 

12.0 

1.4 

1.0 

0 

7.5 

2.9 

23.0 

0 

10.0 

1.1 

0 

0 

17.5 

8.1 

0 

0 

10.0 

29.0 
8.5 

24.0 
4.5 


2.4 


2.1 


45.0 
19.3 

7.6 

2.0 
12.0 

.8 


1.0 


11.2 


1.7 


.  I 


7.9 


0 
0 


4.6 


8.3 
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Elevation  and  slope  of  West  BrancJi  of  Susquehanna  River, 


Locality. 


Month 

Lewisbnrg  dam,  water  below . 

Lewisbnrg  dam,  crest. 

Mnncy  dam,  water  below 

Money  dam,  crest 

Williamsport  dam,  water  be- 
low   __. 

Williamsport  dam,  crest 

Lock  Haven  dam,  water  below . 

Lock  Haven  dam,  crest 

Qneen's  Rnn  dam,  water  below 

Qneen's  Rnn  dam,  crest 

Keating 

Cnrwinsville 


Distance 

from 

xnoath. 


MUea. 


0 

7 

i 

23 
23 

39 
39 
65 
65 
69 
69 
105 
160 


EleTation 
above  tide. 


Feet. 
429 
431 
434 
462 
469 

498 
508 
539 
550 
551 
557 
695 
1,117 


Distance 

between 

iwlnts. 


Fall  between  point& 


Aft7e«. 


7 

0 

16 

0 

16 
0 

26 
0 
4 
0 

36 

55 


FeeL 


29 

10 

31 

11 

1 

6 

138 

422 


Ft.permUc.      ' 


2  0.3 
3 

28  1.8 

7    


I 


1.8 


1.2 


0.2 


8.8 

7.7 


T 


JOC 


4: 
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3 
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Binghamtou,  N.  Y. 
Chenango  River  at: 

contour  of  bottom  of 189 

description 84 

discharge,  1901-1904 85 

discharge,  daily,  1901-1904 40-41 

dischaige  monthly,  1901-1904 42-43 

gage  heights,  1901-1904 37-38 

rating  curve 36 

rating  table,  1901-1904 39 

vertical  velocity  curves  (mean) 192 

vertical  velocity  measurements —     189, 

191,194.196 

rainfall  data 160,163 

Susquehanna  River  at: 

contourof  bed  of 190 

description 2.>-27 

discharge,  1901-1904 27 

discharge,  daily,  1901-1904 30-32 

discharge,  monthly.  1901-1904 32-33 

gage  heights,  1901-1904 28-29 

rating  curve 26 

rating  table,  1901-1904 30 

vertical  velocity  curves  ( mean ) 1 98 

Bouckville,  N.  Y.,  rainfall  data 160. 161 

Brundage,  F.  H.,  acknowledgments  to 10 

Catawiasa,  Pa. 

Susquehanna  River  near: 

viewon 18 


Page. 
Cayuta  Creek— 

atWaverly.N.Y.: 

description 146-147 

discharge,  1903 147 

gage  heights,  1898-1902 148-150 

drainage  areas '. 147 

Cayuta  Lake,  N.  Y. 

description 147 

Centerhall,  Pa.,  rainfall  data 160, 169 

Charlesville,  Pa.,  rainfall  data 172 

Chemung,  N.  Y. 

Chemung  River  at.    See  Chemung  River 
at  Chemung. 
Chemung  Forks,  N.  Y. 
Tloughnioga  River  at: 

description 145-146 

discharge,  1903 146 

gage  heights.  1903 146 

Chemung  River— 
at  Chemung,  N.  Y.: 

description 140 

disjcharge,  1903-1904 141 

discharge,  daily,  1903-1904 144 

discharge,  monthly,  1903-1904 145 

gage  heights,  1908-1904 142 

rating  table,  1903-1901 143 

drainage  areas 141 

tributaries  of 13 

Chenango  River— 

at  Binghamtou,  N.Y.: 

contourof  bed  of 189 

description 34 

discharge,  1901-1904 35 

dl-scharge,  daily,  1901-1904 40-41 

discharge,  monthly,  1901-1904 42-43 

gage  heights,  1901-1904 37-38 

rating  curve 36 

rating  table,  1901-1904 39 

vertical  velocity  curves  ( mean ) 1 92 

vertical  velocity  measurements 189. 

191, 194, 196 
at  Oxford,  N.  Y.: 

description 150 

at  South  Oxford,  N.  Y.: 

gage  heights,  1903 151 

tributaries  of 13 

Chenango  River  l>asln: 

diversions  from 154 

Cooperstown,  N.  Y.,  rainfall  data 160, 161 

Cortland,  N.  Y.,  rainfall  data 160,163 
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Coudereport,  Pa. ,  rainfall  data 172 

Dager,  J.  H.,  on  navigation  along  the  Sus- 
quehanna         24 

on    Susquehanna    River  above   West 

Branch 21-22 

Danville,  Pa. 

Susquehanna  River  at: 

description 56 

discharge,  1899-1903 67 

discharge,  dally,  1899-1903 62-64 

dischaiige,  low-water 181 

discharge,  monthly,  1899-1903 64-66 

gage  heights,  189^1904 58-60 

rating  curve 60 

rating  table,  1899-1904 61 

Deruyter,  N.  Y.,  rainfall  data 145 

Discharge  measurements 25-153 

accuracy  of 182-183 

of  rivers.    See  River  names. 

rules  for  estimating 203-204 

Diverted  water,  Chenango  River  basin 154 

'  Drainage  areas: 

CayutaCreek,  N.  Y 147 

Chemung  River 141 

map  showing 11 

Susquehanna  River  and  tributaries,  ta- 
ble   15-18 

Duncans  Run  section.     See  Susquehanna 
River  at  McCalls  Ferry,  Fa. 

Dushore.  Pa.,  rainfall  data 160, 166 

Eaton  Broolc,  Madison  County,  N.  Y.: 

description 151 

discharge,  monthly,  1835 152 

Ehle,  Boyd,  aclcnowledgments  to 130 

Electric   light    and    power   development 
in  Susquehanna  basin,  water 

power  used  for,  table 206 

Elevations  and  slope: 

Juniata  River  and  tributaries 208-209 

Susquehanna  River 207 

West  Branch  Susquehanna 210 

See  also  Profiles. 

Elevations  of  flood,  March,  1904 175 

Elmira,  N.  Y.,  rainfall  data 160, 165 

Emporium,  Pa.,  rainfall  data 160, 168, 172 

Flood  discharges  and  values  of  "N"  by 

Kutter's  formula 178-180 

Flood  of  1865,  data  regarding 172 

Flood  of  1875,  at  Wilkesbarre,  Pa.,  view 

showing 174 

Flood  of  1889,  data  concerning 172-173 

rainfall  of,  duration  and  extent  of 172 

Flood  of  1904,  damage  due  to 176 

description  of 173-177 

heights  of,  above  low  water,  table 176 

view  of,  at  McCalls  Ferry,  Pa 176 

at  Middletown,  Pa 178 

at  York  Haven,  Pa 174 

Floods  in  Susquehanna  basin,  history  of . .  172-178 

Flow  measurements 25-153 

accuracy  of 182-183 

of  rivers.    See  River  names. 

rules  for  computing 208-204 

Frankstown  Branch  of  Juniata  River: 

elevations  and  slope 209 

tributaries  of 12 


Gaging  stations: 

list  of -=• 

map  showing  location  of :: 

Girard ville.  Pa.,  rainfall  data 160.  !'> 

Grampian,  Pa.,  rainfall  data 101,16^,17. 

Harrisburg,  1^. 

rainfall  data 161. 1T» 

Susquehanna  River  at: 

curve  of  mean  velocity I'-i 

curves  showing  duration  of  stages 

of,  from  1891-1902 AC 

description 104-li«^ 

discharge,  1897-1904 106-UC 

discharge,  daily.  1891-1904 116-li! 

discharge,  flood 173, 17» 

discharge,  low-water IM 

discharge,    maximum,    minimum. 

and  mean,  1891-1904 178 

discharge,  monthly,  1891-1904 12S-t5» 

disctiarge,  monthly,  compared  with 
monthly  discharge  at  McCalI^ 

Ferry l^3 

gage  heights.  1891-1904 lOfi^l l.=> 

rating  curve 114 

rating  Uble,  1891-1904 115 

vertical  velocity  curves i<h 

vertical  velocity  measurements  . .  197.  l# 
Susquehanna  River  basin  above: 

rainfall  and  run-off  relation 156-157 

rainfall  stations  in,  list  of is 

Hollidaysburg,  Pa.,  rainfall  data 172 

Horsepower,  developed,  tables  showing..  204-206 
possible  development  of.  rules  for  de- 
termining        JlCl 

Horton,  R.  E.,  acknowledgments  to 9 

Huntingdon,  Pa.,  rainfall  data 161, 170, 172 

Hutchinson,  Cary  T.,  acknowledgments  to.        10 
Jervis,  John  B.,  on  flow  of  Eaton  and  Madi- 
son brooks,  N.  Y 151 

Johnstown  flood.    See  Flood  of  1889. 
Juniata  River. 

description 20-21 

elevations  and  slope 206 

near  Newport,  Pa.: 

description 98 

discharge,  1899-1904 94 

discharge,  daily,  1899-1904 9»-101 

dlschaige,  flood 176 

discharge,  low-water 181 

discharge,  monthly,  1899-1904  —  102-104 

gage  heights,  1899-1904 95-97 

rating  curve 98 

rating  table,  1899-1904 98 

profileof 210 

tributaries  of 12 

Kutter's   formula,    flood    discharges    and 

values  of  "N"  by 178-180 

map  showing  sections  used  in 180 

Labelle,  H.  F.,  quoted  on  power  develop- 
ments of  lower  Susquehanna.  200-202 

Lawrence  ville,  Pa. ,  rainfall  data 160, 165 

Lebanon,  Pa.,  rainfall  data 161.171 

Leroy,  Pa.,  rainfall  data 160,166 

Lewisburg,  Pa.,  rainfall  data 160,168 

Life,  loss  of,  by  Susquehanna  floods 173 

Lockhaven,  Pa.,  rainfall  data 160, 168 
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LrOiMT-water    conditions    in    Susquehanna 

basin,  description  of 180-182 

McCalls  Ferry,  Pa. 

Susquehanna  Riyer  at: 

curve  of  mean  velocity 172, 182 

description 180-181 

discharge,  1902-1904 132-138 

discharge,  daily.  1902-1904 187-138 

discharge,  flooti 173,176.177 

discharge,  low-water 182 

divharge,  monthly,  1902-1904....  138-189 
discharge,  monthly,  compared  with 
monthly  dischaiye  at  Harris- 
burg 188 

flood  of  1904  on,  view  showing 176 

gage  heights,  1902-1904 184-185 

gaging  car  at,  views  of 132 

gaging  stations,  views  of 18, 130 

map  showing  sections  used  in  Kut- 

ter's  formula  determinations. . .      180 

rating  curve 136 

rating  table.  1902-1908 136 

vertical  velocity  curves 198 

vertical  velocity  measurements 184, 

185-188 
Madiflon  Brook,  Madison  County.  N.  Y.: 

description 151 

discharge,  monthly,  1835 158 

Mather,  E.,  acknowledgments  to 106 

Middletown,  Pa.,  view  of,  during  flood  of 

1904 178 

Muncy ,  Pa. ,  rainfall  data 162 

N,  values  of,  by  Kntter's  formula 178-180 

Navigation  along  Susquehanna  River 24-25 

Newell,  P.  H.,  letter  of  transmittal  by 7 

New  Lisbon,  N.  Y.,  rainfall  data 160, 162 

Newport,  Pa. 

Juniata  River  at: 

description 98 

discharge,  1899-1904 94 

discharge,  dally,  1899-1904 99-101 

discharge,  flood 176 

discharge,  low-water 181 

discharge,  monthly,  189^1904....  102-1 01 

gage  heighu,  1899-1904 95-97 

rating  curve 98 

rating  table,  1899-1904 98 

New  York: 

counties  in,  drained  by  Susquehanna 

and  tributaries 11 

horsepower  developed  on  Susoquehanna 
River  and  tributaries  in,  table 

showing 204 

rainfall  stations  in ,  list  of 155, 157, 160 

Onconta,  N.  Y.,  rainfall  data 160, 162 

Oxford,  N.  Y.,  rainfall  data 150. 160, 162 

Paul,  E.  Q.,  acknowledgments  to 9 

Pennsylvania: 
'  counties  in,  drained  by  Susquehanna 

and  tributaries 11 

horsepower  developed  on  Susquehanna 

River  and  tributaries  in,  table . .      205 
rainfall  stations  in,  list  of.  155,157, 158, 160-161 

Perry  City.  N.  Y.,  rainfall  data 160, 163 

PhiHpsburg,  Pa. ,  rainfall  data 172 

Precipitation.    See  Rainfall. 


Psgc. 

Profiles: 

JuniaURiver  (PI. 29) 210 

Raystown   Branch   of    Juniata    River 

(P1.29) 210 

Susquehanna  River  from    mouth    to 

Athens,Pa.  (P1.28) 210 

West   Branch  of    Susquehanna  River 

(PI.29) 210 

Rainfall  and  run-ofi  relation,  tables 156-159 

Rainfall  data: 

Addison,  N.Y 160,164 

Altoona,  Pa 161,170 

Angelica,  N.Y 160,164 

Athens,  Pa 160,165 

Atlanta,  N.  Y 100,164 

Binghamton,  N.  Y 160,168 

Bouekville.  N.  Y 160,161 

Centerhall.  Pa 160,169 

Chariesville,  Pa 172 

Coopertown,  N.  Y 160,161 

Cortland.N.  Y 160,163 

Coudersport,  Pa 172 

Deruytcr.  N.  Y 145 

during  flood  of  1889 172 

Dushore.  Pa 160,166 

Elmlra.N.  Y 160,166 

Emporium,  Pa 160, 168 

Girardville,  Pa 160,168 

Grampian,  Pa 101,169,172 

Harrisburg.  Pa 161,170 

HoUidaysburg,  Ph 172 

Huntingdon,  Pa 161.170,172 

Lawrenceville,  Pa 160, 165 

Lebanon,  Pa 161 ,  171 

Leroy,  Pa 160,166 

Lewisburg,  Pa 160,168 

Lockhaven,  Pa 160,168 

Muncy,  Pa 172 

NewLisbon,N.  Y 162 

Oneonta,  N.  Y 160,162 

Oxford,  N.Y 150,160,162 

Perry  City.  N.  Y 160,168 

Philipsburg,  Pa 172 

Ralston.  Pa ' 172 

RIchmondville.  N.  V 161 

Selinsgrove,  Pa 160,169,172 

Slglerville,  Pa 172 

South  Canisteo,  N.Y 160,164 

South  Eaton.  Pa 160,167 

South  Kortright,  N.  Y 160,162 

State  College,  Pa 161,169.172 

Towanda,  Pa 160.166 

Waveriy,  N.  Y 160,166 

Wedgwood,  N.Y 160,163 

Wellsboro,  F^ 160,166 

West  Branch  watershed 172 

Wilkesbarre,  Pa 160.167 

Willlamsport,  Pa 160.167,172 

York,  Pa 161,171 

Rainfall  stations: 

map  showing  location  of 11 

Ralston,  Pa.,  rainfall  data 172 

Raystown  Branch  of  Juniata  River: 

elevations  and  slope  of 208 

profile  of 210 

tributaries  of 12 
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Rlchmondvllle,  N.  Y.,  rainfall  data 160,161 

Bogexs,  H.  D.: 

acknowledgments  to 10 

quoted  on  Juniata  River 20-21 

quoted  on  Susquehanna  River  above 

WestBranch 22 

quoted  on  Susquehanna  River  below 

WestBranch 19-20 

quoted  on  West  Branch  of  Susquehanna 

River 2a-24 

Run-off  and  rainfall  relation.    See  Rainfall 
and  run-off. 

Saunders,  H.  J.,  acknowledgments  to 10 

Scranton,  Pa.,  rainfall  data 160, 167 

Selinsgrove,  Pa.,  rainfall  data 160, 160, 172 

Shures  Landing,  Pa. 

Susquehanna  River  at: 

discharge,  minimum 201 

Siglerville,  Pa. ,  rainfall  data 172 

Slopes.    See  Elevations  and  slopes;  Profiles. 

South  Canisteo,  N.  Y.,  rainfall  data 160, 164 

South  Eaton,  Pa.,  rainfall  data 160, 167 

South  Kortright,  N.  Y., rainfall  data 160, 162 

South  Oxford,  N.Y., 
Chenango  River  at: 

gage  heights 151 

State  College,  Pa.,  rainfall  data 161, 169, 172 

Stewart,  W.  F.  Bay,  quoted  on  the  York 

Haven  Power  Plant 199-200 

Stockman,  L.  R.,  acknowledgments  to 10 

Stream  measurements,  accuracy  of 182-183 

Susquehanna  River- 
above  West  Branch: 

description  of 21-22 

tributariesof 18-14 

at  Bingham  ton,  N.  Y.: 

contour  of  bed  of 190 

description 26-27 

discharge,  1901-1904 27 

discharge,  daily,  1901-19(M 30-32 

discharge,  monthly,  1901-1904 32-33 

gage  heights,  1901-1904 28-29 

rating  curve 26 

rating  table,  1901-1904 20 

vertical  velocity  curves  (mean) 193 

vertical  velocity  measurements 189, 

191,195,196 

atCatawissa,  Pa.:  view  on 18 

at  Danville,  Pa.: 

description 56 

discharge.  1899-1903 57 

discharge,  daily,  1899-19«)3 62-64 

discharge,  low- water 181 

discharge,  monthly,  1899-1903 64-^ 

gage  heights,  1899-1904 58-60 

rating  curve 60 

rating  table.  1899-1904 61 

at  Harrisburg,  Pa.: 

curve  of  mean  velocity 172 

curves  showing  duration  of  stages 

of,  1891-1902 202 

description 104-106 

discharge,  1897-1904 106-107 

discharge,  daily,  1891-1904 U6-122 

discharge,  flood 173,176 


Susquehanna  River— Continued. 

at  Harrisburg,  Pa.— Continued. 

discharge,  low-water , IM 

discharge,   maximum,    minimum, 

and  mean,  1891-1904 1T^ 

discharge,  monthly,  1891-1904....  123-129 
discharge,  monthly,  compared  with 
monthly  discharge  at  McCalls 

Ferry ]« 

gage  heights,  1891-1904 10&>1 1.^ 

rating  curve 114 

ratingtable,  1891-1904 115 

vertical  velocity  curves 198 

vertical  velocity  measurements . .  197. 198 

at  McCalls  Ferry,  Pa.: 

cable  station,  view  of IS 

curve  of  mean  velocity 172.  l!<2 

description iao-l3i 

dlflChMge,  1902-1904 132-133 

discharge,  daily.  1902-1904 l37-!3!( 

discharge,  flood 178, 176. 177 

discharge,  low-water 1*2 

dischaige,  monthly,  1902-1904 ....  iS^-lSd 
discharge,  monthly,  compared  with 
monthly  discharge  at  Harris- 
burg,  Pa 1^ 

flood  of  1904  at,  views  showing 176 

gage  heights,  1902-1904 134-1S6 

gaging  car  at,  views  of 132 

gaging  stations,  views  of 130 

map  showing  sections  used  in  Kut- 
ter's  formula  determinations. . .      1% 

rating  curve 136 

rating  table,  1902-1903 136 

vertical  velocity  curves  near 198 

vertical  velocity  measurements 184, 

185-12;;^ 

at  Shures  Landing,  Pa.: 

discharge,  minimum 201 

at  Wilkesbarre,  Pa.: 

description 43-44 

discharge,  1899-1904 45 

discharge,  daily,  1899-1904 50-52 

discharge,  flood 176 

discharge,  monthly,  1899-1904 53-55 

rating  curve 48 

rating  table.  1899-1904 49 

gage  heights,  1899-1904 46-*^ 

at  York  Haven,  Pa.: 

discharge,  mean  annual 200 

below  West  Branch: 

description  of 19-21 

tributariesof 12-13 

elevations  and  slope,  table 207 

flood  discharge  of: 

computed  by  Kutter's  formula ItV 

flood  of  1865  on,  data  concerning 1?2 

flood  of  1889  on,  data  concerning 172-173 

flood  of  1904  on,  data  regarding 173-177 

profile  of,  from  mouth  to  Athens,  Pa. . .      210 
Susquehanna  River  and  tributaries: 

drainage  areas  of 15-18 

horsepower  developed  on.  in  New  York. 

table 204 

In  Pennsylvania,  table ^  -  — ^ 
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SoBquetuinna  River  basin — 
above  Harrisbuig,  Pa.: 

rainfall  stations  in,  list  of 156 

rainfall  and  nm-off  relation 166-157 

above  Wilkesbarre,  Pa.: 

rainfall  and   run-off   relation,  ta- 
bles       168 

rainfall  stations,  list  of 167 

above  Wllliamsport,  Pa.: 

rainfall  and  run-off  relation 169 

floods  in: 

history  of 172-178 

general  features,  of 10 

low- water  conditions  in 180-182 

map  showing  drainage  areas,  gaging, 

and  rainfall  stations 11 

rainfall  stations  in,  list 156. 167, 160-161 

water  powers  in,  discussion  and   ta- 
bles   199-210 

Susquehanna  River,  West  Branch  of: 

description 28-24 

discharge,  flood 172 

elevations  and  slope 210 

near  Allenwood,  Pa.: 

description 84 

discharge,  1890-1902 86 

discharge,  dally,  1899-1902 89-90 

discharge,  low- water 181 

discharge,  monthly,  1899-1902 91-92 

gage  heights,  1899-1902 86-87 

rating  curve 88 

rating  table,  1900-1902 88 

near  Wllliamsport,  Pa.: 

description 67 

discharge,  1901-1904 67 

discbarge,  daily,  1895-1904 74-78 

discharge,  flood * 176 

discharge,  monthly,  1896-1904 79-83 

gage  heights,  1896-1904 68-72 

rating  curve 72 

rating  table.  1896-1904 78 

profile  of 210 

rainfall  data  of  drainage  area 172 

tributaries  of 14 

Tioughni(^a  River— 
'         at  Chemung  Forks,  N.  Y.: 

description 146-146 

discharge,  1908 146 

gage  heights,  1903 146 

Towanda,  Pa.,  rainfall  data 160, 166 


Page. 
Turkey  Hill.  Pa.,  ice  gorge  at.  during  flood 

of  1904 174 

Vertical  velocity  measurements 184-198 

Water  powers,  discussion  and  tables 199-210 

Waverly,  N.  Y. 
Cayuta  Creek  at: 

description 146-147 

discharge,  1908 147 

gage  heights,  1898-1902 148-150 

rainfall  data 160, 165 

Wedgwood,  N.  Y.,  rainfall  data 160. 163 

Wellsboro,  Pa.,  rainfall  data 160, 166 

West  Branch  of  Susquehanna.    See  Susque- 
hanna River,  W^est  Branch. 

Wilkesbarre,  Pa.: 

rainfall  data 160.167 

Susquehanna  River  at: 

description 43-44 

discharge,  1890-1904 46 

discharge,  daily,  1899-1904 50-52 

discharge,  flood 176 

discharge,  monthly,  1890-1901 63-^ 

flood  of  1875  on 174 

gage  heights,  1899-1904 46-48 

rating  curve 48 

rating  table,  1899-1904 49 

Susquehanna  River  basin  above: 

rainfall  and  run-off  relation,  tables.      168 
rainfall  stations  in,  list  of 157 

Wllliamsport,  Pa.: 

rainfall  data 160,167 

Susquehanna  River  basin  above: 

rainfall  and  run-off  relation 159 

rainfall  stations,  list  of 158 

West  Branch  of  Susquehanna  River  at: 

description 67 

discharge,  1901-1904 67 

discharge,  daily,  1895-1904 74-78 

discharge,  flood 176 

discharge,  monthly,  1895-1904 79-83 

gage  heights.  1895-1904 68-72 

rating  curve 72 

rating  table.  1895-1904 73 

York,  Pa.,  rainfall  data 161,171 

York  Haven,  Pa. 

Susquehanna  River  at: 

discharge,  mean  annual 200 

flood  of  1904  at.  view  showing 174 

York  Haven  Power  Plant,  description  of.  190-200 
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LIBEABT  CATALOOVE  SLIPS. 

[Mount  each  slip  upon  a  separate  card,  placing  the  subject  at  the  top  of  the 
second  slip.  The  name  of  the  series  should  not  be  repeated  on  the  series 
card,  but  the  additional  numbers  should  be  added,  as  received,  to  the 
first  entry.] 

Hoyt,  John  C  [layton] ,  1874 — 

.  .  .  Hydrography  of  the  Susquehanna  River  drain- 
age basin,  by  John  C.  Hoyt  and  Robert  H.  Anderson. 
Washington,  Gov't  print,  off.,  1905. 

215  p.,  1  I.     illus.,  XXIX  pi.  (incl.  map)  diagrs.     23<^™.     (U.  S.  Geological 
survey.    Water-supply  and  irrigation  paper  no.  109) 

Subject  series:  M,  General  Hydrographic  investigations,  13;  N,  Water 
power,  9. 

1.  Water-supply — Pennsylvania.     2.   Water-supply — New    York    (State) 
3.  Susquehanna  River.     I.  Anderson,  Robert  H.    joint  author. 

Hoyt,  John  C  [layton] ,  1874 — 

.  .  .  Hydrography  of  the  Susquehanna  River  drain- 
age basin,  by  John  C.  Hoyt  and  Robert  H.  Anderson. 
Washington,  Gov't  print,  off.,  1905. 

215  p.,  1  1.  illus.,  XXIX  pi.  (incl.  map)  diagrs.  23«°'.  ( U.  S.  Geological 
survey.     Water-supply  and  irrigation  paper  no.  109) 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intekior, 
United  States  Geological  Survey, 

W(is?iington  ^  D.  C,  March  31^  1901^. 

Sir:  I  have  the  honor  to  tmnsmit  herewith  a  manuscript,  entitled 

"Contributions  to  the  Hydrology  of  Eastern  United  States,  1904." 

This  paper  is  the  second  of  a  series  of  contributions  relating  largely 

to  the  hydro-geology  of  the  eastern  portion  of  the  country,  the  first 

having  been  published  as  Water-Supply  and  Irrigation  Paper  No.  102, 

and  has  been  prepared  as  the  result  of  investigations  of  underground 

currents  and  artesian  wells,  as  authorized  by  law.     It  includes  23  short 

papei-s  by  19  geologists,  physicists,  and  others  connected  with  the 

eastern  section  of  the  division  of  hydrology.     The  aim  is  to  present 

the  results  of  subordinate  lines  of  investigation  which,  because  of  their 

limited  length,  do  not  warrant  separate  publication. 

A  number  of  points  of  unusual  interest  are  considered  in  the  report. 
A  full  description  of  the  electrical  apparatus  devised  by  Prof.  C.  S. 
Slichter  for  measuring  underflow  is  presented  for  the  first  time.  The 
description  of  the  experiment  at  Quitman,  Ga.,  for  determining  the 
liability  to  pollution  of  deep  wells  is  an  account  of  a  practical  investi- 
gation which  proved  to  be  of  great  importance  in  preventing  steps 
that  might  have  led  to  a  serious  contamination  of  the  underground 
waters  and  a  possible  epidemic. 

Very  respectfully,  F.  H.  Newell, 

Ch  H>f  Englneei\ 
Hon.  Charles  D.  Walcott, 

Director'  United  States  Geological  Survey, 
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M.  L.  Fuller, 

GeoU»<pii  in  Charge. 


INTRODUCTION. 


Hv  M.  L.  Fuller. 


OIWECT   OF   REPORT. 


The  present  paper,  which  is  the  second  of  the  series  of  "Contribu- 
tions to  the  Hydrology  of  Eastern  United  States,"  includes  28  short 
reports  by  19  geologists  and  others.  Of  these  the  longer  papers  have 
been  contributed  by  those  connected  with  the  eastern  section  of  the 
division  of  hydrology,  but  several  that  embody  summaries  of  the 
water  resources  of  regions  covered  by  geologic  investigations  have 
been  prepared  by  members  of  the  geologic  branch.  The  aim  in  pre- 
paring the  report  is  to  present  the  results  of  subordinate  investigations, 
the  length  or  scope  of  the  reports  of  which  do  not  warrant  their 
publication  as  separate  papers.  In  this  way  there  is  presented  a 
considerable  amount  of  material  of  local  interest,  especially  in  regions 
where  complete  investigations  are  not  practicable.  The  paper  is  also 
intended  to  aflford  opportunity  for  publication  of  the  results  of  la])ora- 
tory  or  other  physical,  mechanical,  or  mathematical  investigations 
l)earing  on  underground  water  supplies. 

SUMMARY. 

The  papers  included  may  be  briefly  summarized  jis  follows: 

Description  of  the  Underflow  Meter  used  in  Measuring  the  Velocity  and  Direction 
of  Underground  Water,  by  Charles  S.  Slichter. 

The  electrical  apparatus  described  in  this   paper  is  intended   to 
.  replace  the  inaccurate  estimation  of  underflow  based  on  size  of  mate- 
rial and  head,  and  the  troublesome  chemical  method.     Commonly  the 
test  wells  required  by  the  present  method  consist  of  a  group  of  four 
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2- inch  driven  wells,  one  located  on  the  side  from  which  the  flow  is 
oxi)ccted  and  the  other  throe  in  the  arc  of  a  cii-cle  4  or  6  feet  in  radius 
on  the  downflow  side.  These  are  from  24  to  30  inches  apart.  Elei- 
trical  connection  is  made  with  each  well  and  the  upstream  well  i^ 
charged  with  sal  ammoniac  or  other  electrolyte.  The  appearance  of 
the  salt  at  or  near  any  one  of  the  lower  wells  is  recorded  by  an  electric 
device,  of  which  there  are  two  types,  nonrecording  and  recording.  A 
full  description  of  the  construction  and  use  of  the  apparatus  is  ^ven. 

The  California  or  *' Stove- Pi jk**'  Method  of  Well  O)nstruction,   by  Charles^  S. 
Slichter, 

In  the  larger  number  of  the  wells  in  the  gravels,  sands,  etc.,  of  the 
Coastal  Plain  regions  of  the  Atlantic  States  and  elsewhere,  the  hole  i< 
tightly  cased  throughout,  the  only  point  of  entrance  for  the  water 
being  at  the  l>ottora.  Only  one  water  bed  can  be  drawn  upon  in  sueh 
wells.  In  California,  and  to  some  extent  elsewhere,  howiever,  a  method 
is  in  use  whereby,  by  means  of  casings  perforated  at  intervals,  water 
can  enter  the  well  at  a  numl)er  of  different  levels.  The  casing-  con- 
sists of  a  steel  shod  '^  starter,'M5  to  25  feet  long,  and  sections  of  steel 
pipe  2  feet  in  length  overlapping  with  flush  joints.  The  casing  is 
forced  downward,  length  by  length,  bj'  hydraulic  jacks  to  the  desired 
depth.  In  one  well  a  depth  of  over  1,300  feet  has  been  reached. 
After  the  well  has  been  forced  to  the  required  depth  a  cutting  knife, 
two  typivs  of  which  are  figured  in  the  paper,  is  lowered  and  slits  or 
holes  are  cut  through  the  casing  at  the  points  where,  according  to  the 
record,  water  is  known  to  occur.  As  much  as  400  feet  of  a  500-foot 
well  may  be  perforated  if  the  conditions  demand  it.  The  type  of  well 
described  has  many  advantages  in  addition  to  that  of  rendering  several 
sources  of  water  simultaneouslv  available,  and  will  doubtless  be  of 
great  value  in  many  localities  in  the  east  when  the  waters  at  the  differ- 
ent levels  are  under  similar  heads. 

Approximate  Metho<ls  of  Me^surin^  the  Yield  of  Flowing  Wells,  by  Charles  S. 
Slichter. 

In  this  pai^r  descriptions  of  simple  methods  and  tables  for  the 
approximate  field  determinations  of  the  yield  of  artesian  wells  are 
given.  The  tables  relating  to  (completely  filled  pipes,  both  horizontal 
and  vortical,  are  reprinted  from  a  private  report  by  J.  E.  Todd,  while 
those  relating  to  measurement  of  flows  from  partially  filled  horizontal 
and  inclined  pipes  are  new.  The  only  instrument  required  is  a  f(K>t 
rule,  and  the  measurement,  which  consists  in  measuring  the  height  of 
the  jet  in  the  case  of  a  vertical  pipe  or  its  lateral  projection  in  the  case 
of  a  horizontal  pipe,  can  be  made  in  a  few  moments.  The  results  are 
within  about  10  per  cent  of  the  actual  flow,  which  error  is  no  greater 
than  the  avcmge  daily  variation  of  flow  due  to  changes  of  barometric 
pressure. 
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Oorrections  Necessary  in  Accurate  Determinations  of  Flow  From  Vertical  Well 
1  ''i\s?inj5H,  from  Notes  funiisheii  by  A.  N.  Tallx)t. 

'^rhis  pa{K3r  deuls  with  certain  eoiTections  which  it  is  necossary  to 
iipply   tt)  the  figures  of  the  lield  tables  compiled  by  J.  E.  Todd  and 
Charles  S.  Slichter  in  those  casey  where  refined  measurements  of  flows 
from  vertical  well  casings  are  desired.     A  simple  apparatus  for  meas- 
uring' the  height  of  the  water  jet  is  illustrated,  and  a  diagram  showing 
>>y  curves  the  coefficients  of  discharge  is  given.     It  was  found  that 
with  jets  less  than  a  foot  in  height  the  actual  discharge  is  from  7i  to 
12^  per  cent  lower  than  the  discharge  computed  from  the  tables  for 
i^-inch  to  6-inch  pipes. 

Experiment  Relating  to  Problems  of  Well  Contamination  at  Quitman,  Ga.,  by 
S.  W.  McCallie. 

Many  of  the  disastrous  epidemics  which  have  visited  the  towns  and 

cities  of  this  country  have  been  traced  to  polluted  drinking  water. 

The  present  paper  deals  with  a  succ*essf  ul  effort  made  to  determine  the 

possibility  of  pollution  of  the  deep  wells  at  Quitman,  Ga.,  the  result 

of  which  was  to  prevent  a  step  that  might  have  had  fatal  results. 

In  a  well  drilled  in  1903  at  Quitman  a  cavity  containing  what  was 

regarded  as  a  subterranean  stream  was  encountered,  and  it  was  thought 

that  such  a  stream  would  afford  an  admirable  method  of  disposing  of 

the  city's  sewage.     Objections  were  at  once  raised,  however,  on  every 

hand,  because  of  the  liability  of  pollution  of  wells  or  springs  of  the 

region.     To  test  this  possibility  2  tons  of  salt  were  put  into  one  of 

the  wells,  while  samples  of  water  from  all  other  wells  and  springs  in 

the  vicinity  were  taken  at  short  intervals  and  analyzed.     The  results 

showed  that  the  salt  had  penetrated  the  deep  wells  and  demonstrated 

that  the  emptying  of  sewage  into  the  underground  stream  would  have 

resulted  in  the  pollution  of  the  waters  of  all  the  deep  wells  in  town 

and  would  possibly  have  led  to  a  serious  epidemic. 

The  New  Artesian  Water  Supply  at  Ithaca,  N.  Y.,  by  Francis  L.  Whitney. 

In  this  paper  Mr.  Whitney  presents  an  account  of  the  outbreak  of 
the  typhoid  epidemic  of  1903  and  the  steps  taken  by  various  locnil 
bodies  to  obtain  a  pure  supply.  The  deep  wells  sunk  in  the  gravels, 
sands,  and  clays  in  the  valley  of  Cayuga  Inlet  just  above  Ithaca  are 
described,  and  the  source  and  geologic  occurrence  of  the  supply  are 
discussed.  Records  of  aft  of  the  wells  are  given,  the  more  important 
heinjr  shown  by  diagrams.  The  success  of  the  wells,  both  as  to  the 
(luiintity  and  the  quality  of  the  water,  is  of  special  interest,  as  like 
supplies  could  doubtless  be  obtained  at  many  points  in  New  York  and 
New  England  which  are  similarly  situated. 

Drilled  Wells  of  the  Triassic  Area  of  the  Connecticut  Valley,  by  W.  H.  C. 
Pynchon. 

The  paper  gives  a  sketch  map  and  section  showing  the  principjil 
geologic  features  of  the  area  and  describes  the  character  and  succession 
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of  the  eastward-dipping  series  of  sandstones,  shales,  and  interbedded 
or  intruded  traps  throughout  the  Triassic  areu  of  Massachusetts  ano 
Connecticut.  The  geologic  discussion  is  followed  by  descriptions  of  a 
considerable  number  of  wells,  in  which  several  points  of  interest  an- 
emphasized,  including  the  nearly  uniform  water-bearing  character  of 
the  sandstones,  the  high  percentage  of  mineral  matter  pre^jent  in  all  tht- 
water,  and  the  general  absence  of  flowing  wells. 

Triassic  Rocks  of  the  Connecticut  Valley  as  a   Source  of  Water   Sapply,   )»> 
M.  L.  Fuller. 

In  this  paper  a  review  is  given  of  the  occurrence  of  waters  in  Tri- 
assic rocks  of  various  types,  including  conglomerates,  sandstones. 
shales,  and  traps,  and  the  structure,  jointing,  and  faulting  of  the  roek'^ 
and  their  influence  on  the  undei ground  waters  are  described.  Sum- 
maries of  the  conditions  favorable  and  unfavorable  to  flowing-  water 
are  given  and  a  number  of  important  conclusions  presented.  While 
all  of  the  Triassic  rocks  except  the  traps  will  usually  be  found  to  he 
water  bearing,  the  conditions,  because  of  the  interruption  of  the  bed> 
due  to  faulting  or  jointing,  will  rarely  be  favorable  to  flowing-  wells. 
and  high  heads  can  never  be  expected.  The  water  will  in  most  instan- 
cies be  found  to  be  highly  mineralized,  but,  except  possibly  in  the 
shallower  wells  in  crowded  cities,  will  rarely  be  subject  to  pollution. 
Attention  is  called  to  the  need  of  keeping  accurate  records  and  of 
thoroughly  testing  each  well;  and  the  question  of  the  proper  depth  of 
wells  is  discussed. 

Spring  System  of  the  Decaturville  Dome,   Camden  County,   Mo.,   by    E.  M. 
Shepard. 

In  the  center  of  this  area  is  a  mass  of  granite  (pegmatite)  that  ha.s 
apparently  been  thrust  upward  through  the  surrounding  Paleozoic 
limestones  and  other  rocks,  which  are  thereby  tilted  away  from  it  in 
all  directions.  The  dome  thus  formed  is  surrounded  at  a  distane^^ 
of  several  miles  by  a  line  of  springs,  the  channels  of  which  seem  to 
radiate  from  the  center  of  the  dome,  from  which  direction  the  waters 
appear  to  come.  Several  deep  flowing  wells  in  similar  situations  al>o 
derive  water  from  the  outward-sloping  rocks.  Descriptions  are  given 
of  many  of  the  springs,  some  of  which  are  of  immense  size  and  pre- 
sent many  points  of  intercvst. 

Water  Resources  of  the  Fort  Ticonderoga  Quadrangle,  Vermont  and  New  York, 
by  T.  Nelson  Dale. 

In  this  area,  which  lies  on  the  line  between  Vermont  and  New  York, 
there  are  several  important  towns,  including  Ticonderoga  in  New 
York,  and  Proctor,  Brandon,  Poultney,  and  West  Rutland  in  Ver- 
mont. The  land  varies  considerably  in  altitude,  ranging  from  low 
plains  near  Lake  Champlain  to  ridges  2,700  feet  high,  such  as  the  one 
southwest  of  West  Rutland.     In  general  the  region  is  well  watered, 
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Having  numerous  springs  and  streams.  The  larger  streams  have,  how- 
over,  become  subject  to  iK>Ilution  as  the  industries  and  towns  along 
t:hcir  banks  have  grown  up.  The  limestones  or  dolomites  of  the  area 
^^'ould  doubtless  yield  water  if  penetrated  by  deep  wells,  but  it  would 
^>roV>ably  be  hard  and  in  some  cases  might  l>e  liable  to  pollution.  The 
sandy  portion  of  the  drift  yields  considerable  quantities  of  water, 
l>iit  the  clays  near  the  lake  give  unsatisfactory  supplies. 

Water  ReeourceB  of  the  Taconic  Quadrangle,  New  York,  ManBachusetts,  and  Ver- 
mont, by  F.  B.  Taylor. 

The  center  of  this  area  falls  almost  exactly  at  the  point  at  which  the 
l>oundaries  of  the  three  States  mentioned  come  together.  The  area  is 
mountainous  except  in  the  western  third,  although  it  contains  valleys 
with  bottoms  as  low  as  350  feet  al)ove  sea.  The  drainage  is  by  the 
Hoosac  River,  along  which,  as  well  as  along  its  tributaries,  there  are 
water  powers  that  are  either  utilized  or  available.  Practicall}'  all  the 
cities  and  towns  in  the  quadi-angle  obtain  their  water  supplies  from 
mountain  streams,  but  a  large  proportion  of  the  rural  inhabitants  pro- 
cure their  supplies  from  springs.  One  important  mineral  spring, 
di^veloped  at  a  sanitarium,  occurs  along  a  probable  fault  line. 

Water  ReHourceH  of  the  Watkins  Quadrangle,  New  York,  by  Ralph  S.  Tarr. 

The  paper  gives  a  geneml  description  of  the  water  resources  of  this 
region,  which  includes  the  cities  of  Elmira  and  Ithaca,  in  the  southern 
|X)rtion  of  the  State.  Special  attention  is  given  to  the  subject  of 
obtaining  artesian  supplies  from  the  deep  gravel-filled  valleys,  and 
the  steps  taken  to  obtain  pure  supplies  from  such  a  source  at  Ithaca 
after  the  typhoid  epidemic  of  1903,  are  described.  A  number  of 
analyses  are  given. 

Water  Resources  of  the  Central  and  Southwestern  Highlands  of  New  Jersey,  by 
Laurence  La  Forge. 

The  region  treated  in  this  paper  is  that  part  of  the  Highlands  which 
lie.s  south  of  Andover  and  Pompton,  including  about  two-thirds  of  the 
Highland  area  of  the  State.  The  population  is  mainly  located  in 
villages  and  is  dependent  largely  upon  manufacturing  industries  for 
support.  The  rocks  are  principally  of  granitic  types,  but  some  con- 
glomerate and  quartzite  occurs.  Lakes  and  ponds  are  numerous  in  a 
part  of  the  area  and  streams  are  abundant  and  afford  numerous 
water  powers  as  well  as  the  supply  for  the  Morris  Canal,  while  springs 
arc  common  and  furnish  water  to  a  considerable  number  of  towns.  The 
surplus  water,  of  which  there  is  considerable,  may  in  the  future  become 
of  great  importance  as  a  source  of  supply  for  the  large  and  rapidly 
growing  urban  district  near  New  York.  The  paper  describes  the 
needs  of  this  district  and  the  amount  and  character  of  the  water  and 
its  availability  as  a  source  of  supply- 
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Water  Rcsoiircos  of  the  Cham))er8barg  and  Meroersboig  Quadrangles,  Penn- 
sylvania, by  (ii'orge  W.  Stose. 

The  Chanibersbiirg  and  Mercersburg  quadrangles  are  located  in  the 
Cumberland  Valley,  in  southern  Pennsylvania,  and  include  the  two 
important  towns  from  which  they  are  named.  They  are  crossed  by 
several  mountain  ridges  and  by  many  streams  that  aflford  water  powers, 
some  of  which  have  already  been  utilized.  Many  springs  are  found 
in  the  various  rocks,  especially  in  the  limestone,  some  of  which  have 
been  developed  as  attractive  resorts.  The  public  water  supplies  are 
obtained  largely  from  spring-fed  mountain  streams,  and  in  several 
instances  directly  from  springs. 

Water  Resources  of  the  Curwensville)  Patton,  Ebensburg,  and  Bamesboro  Quad- 
rangles, Pennsylvania,  by  F.  (t.  Clapp. 

These  ([uadrangles  are  situated  near  the  eastern  edge  of  the  bitu- 
minous coal  field,  and  lie  mostly  within  the  limits  of  Clearfield  and 
Cam>)ria  counties.  The  region  is  one  of  high  ridges  alternating  with 
valley's.  Springs  are  abundant  and,  except  in  towns,  constitute  the 
main  source  of  water  supply.  The  once  noted  Cresson  Springs  are  in 
the  area.  Many  wells  obtain  abundant  supplies,  both  from  the  stream 
gravel  and  from  the  rocks.  In  some  places  flowing  wells  are  obtained. 
More  than  ten  towns  are  equipped  with  water  systems.  The  majority 
obtain  their  supplies  from  streams,  but  several  procure  water  from 
springs  or  deep  wells. 

Water  Resources  of  the  Elders  Ridge  Quadrangle,  Pennsylvania,  by  Ralph  W. 

Stone. 

This  quadrangle  lies  in  Armstrong  and  Indiana  counties,  in  the  west- 
central  part  of  the  State.  In  general  the  surface  is  moderately  hilly 
and  is  drained  by  Kiskiminitas  River  and  other  streams  that  flow  west- 
ward into  Allegheny  River.  Some  present  available  water  powers. 
The  region  is  distinctly  a  rural  district,  without  large  towns,  and 
springs  and  shallow  wells  afford  the  only  source  of  water  supply.  The 
Mahoning  and  Pittsburg  sandstones,  which  overlie  the  coals  of  the 
same  name,  are  the  best  water  bearers. 

Water  Resources  of  the  Waynesburg  Quadrangle,  Pennsylvania,  by  Ralph  W. 
Stone. 

The  Waynesburg  quadrangle  is  located  in  Greene  County,  in  the 
southwest  corner  of  the  State.  The  topography  is  uniformly  hilly, 
the  crests  standing  generally  not  over  500  feet  alK)ve  the  valley *i. 
The  area  is  drained  eastward  into  the  Monongahela  by  streams  of  low- 
grade  and  small  volume,  with  few  if  any  available  water  powers. 
The  city  of  Waynesburg  obtains  its  public  water  supply  from  a  near-by 
stream,  but  the  water  is  frequently  highly  charged  with  silt  and  is 
generally  unsatisfactory.  The  smaller  towns  depend  on  shallow  private 
wells.     Some  of  the  rock  wells  yield  good  supplies,  especially  those 
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clrawinj^  water  from  the  Waynosburg  Haiulstoiie.  In  drilling  wcIIh  to 
the  rock,  however,  care  must  be  taken  not  to  i)enetrate  the  coal. 
Springs  are  numerous  but  small. 

Water  Resources  of  the  Accident  and  Grantsville  Quadrangles,  Maryland,  by 
i;.  C.  Martin. 

The  area  covered  by  this  paper  is  located  in  the  ''handle,''  in  the 
extreme  western  portion  of  Maryland.  The  topography  is  essentiall}' 
that  of  a  plateau,  standing  between  2,500  and  3,0(M)  feet,  above  which 
rise  a  number  of  ridges.  It  is  drained  by  Youghiogheny,  Castleman, 
and  Savage  rivers,  all  of  which  would  afford  good  water  supplies. 
Springs  are  numerous,  especially  along  the  outcrop  of  the  Greenbrier 

limestone.     The  possibilities  of  artesian  waters  have  not  been  tested, 

although  bore  holes  sunk  for  other  purposes  have  given  flowing  water. 

It  is  probable  that  such  flows  would  be  afforded  by  each  of  the  three 

svnclines  which  cross  the  area. 

WaU^r  Resources  of  the  Frostbnrg  and  Flintetone  Quadrangles,  Maryland  and 
West  Virginia,  by  G.  C.  Martin. 

These  quadrangles  lie  just  east  of  the  Grantsville,  mainly  in  west- 
ern Maryland.  They  are  crossed  by  a  number  of  ridges  that  rise  as 
high  as  3,0()0  feet,  between  which  are  valleys  of  considerably  lower 
level.  Through  these  valleys  pass  the  north  and  south  branches  of 
Potomac  River  and  a  number  of  smaller  streams.  The  smaller 
streams  are  unpolluted  and  generalh'  afford  good  water.  Springs 
abound  in  the  limestone  regions.  Artesian  water  is  found  in  sand- 
stones of  Carboniferous  age,  and  it  is  thought  that  the  Oriskany  and 
Tuscarora  sandstones  probably  carry  artesian  water  in  the  synclines. 
A  large  part  of  the  water  supply  of  Frostburg  is  obtained  from  an 
artesian  well,  but  except  at  Cumberland,  there  is  otherwise  little 
demand  for  artesian  water. 

Water  Resources  of  the  Cowee  and  Pisgah  Quadrangles,  North  Carolina,  by 
Hoyt  S.  Gale. 

The  Cowee  and  Pisgah  quadrangles  are  located  in  the  heart  of  the 
Southern  Appalachians,  in  the  extreme  western  part  of  North  Caro- 
lina. They  are  traversed  by  French  Broad  River  and  other  streams 
which  present  available  water  power  at  many  points.  The  whole 
region  abounds  with  springs,  generally  of  pure  water,  but  a  few  min- 
eral springs,  especially  chalybeate,  occur.  Of  these  the  carbonate 
springs  are  usually  associated  with  hornblendic  gneiss,  while  the  cha- 
lybeate waters  are  associated  with  pyrite  deposits  along  faults.  Very 
few  wells  have  been  sunk  in  the  area. 

Water  Resources  of  the  Middlesboro-Harlan  Region  of  Southeastern  Kentucky, 
by  George  H.  Ashley. 

This  region  is  in  a  general  wa}'  a  broad  basin  lying  between  two  high 
mountain  ridges.     The  surface  is  cut  by  deep  ravines  separated  ])v 
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sharp  crests.  The  rocks  are  of  the  Coal  Measure  series  and  yieH 
abundant  springs,  which  form  the  main  source  of  supply  of  the  tr^mt- 
tered  inhabitants.  Shallow  wells  are  frequently  relied  upon  in  tLe 
bottom  lands.  No  deep  wells  have  been  drilled  for  water,  but  flowiiu: 
water  has  sometimes  been  obtained  from  wells  drilled  for  oil.  The 
public  supplies  of  Middlesboro  and  Pineville,  the  two  principal  tow«>, 
are  obtained  from  spring-fed  mountain  streams.  Some  available  water 
powers  exist. 

Summary  of  the  Water  Supply  of  the  Ozark  Region  in  Northern  Arkansas,  1  y 
(xeorge  I.  Adams. 

This  area  includes  portions  of  the  Boston  Mountain  belt  and  the 
Springfield  and  Salem  uplands,  the  limits  of  which  are  shown  in  Sg.  i^2. 
The  rocks  consist  largely  of  Ordovician  dolomites  and  Carboniferou-' 
limestones,  the  former  being  confined  mainly  to  the  Salem  upland. 
Springs  are  especially  numerous  in  the  Boone  limestone  and  chert  and 
the  Ordovician  dolomites,  but  some  are  also  found  in  the  Key  sand* 
stone.  Some  of  the  springs  are  of  immense  size,  and  many  have  been 
developed  as  resorts. 

Not^s  on  the  Hydrology  of  Cuba,  by  M.  L.  Fuller. 

During  the  American  occupation  of  Cuba  much  interest  was  arous^'d 
in  the  water  resources  of  the  island,  and  special  attention  wa.s  given  to 
the  problem  of  water  supplies  for  the  v^arious  cities.    This  paper  gives, 
after  a  resume  of  geology,  topography,  and  drainage,  a  summary  of  the 
natural  water  resources,  including  underground  streams  and  springs, 
accounts  of  the  public  water  supplies,  and  descriptions  of  the  wells 
sunk  by  the  War  Department  for  the  various  military  jx)sts.     Aniong^ 
the  principal  water  supplies  are  those  of  Habana,  Matanzas,  Cardcnjis, 
Cienf  uegos,  Guantanamo,  and  Santiago.     Underground  water  courses 
in  the  soft  limestone,  some  of  them  of  considerable  size,  are  every- 
where present,  and  springs  are  very  common  in  man}'  regions.     The 
waters  are  generally  pure,  except  for  the  lime,  but  mineral  waters 
have  been  exploited  for  drinking  or  bathing  purposes  at  a  number  of 
localities.    The  wells  drilled  by  the  War  Department  were  located  at 
a  considerable  number  of  scattered  points.     In  general  they  were  suc- 
cessful in  obtaining  supplies  at  a  moderate  depth. 


DESCRIPTION  OF  UNDERFLOW  METER  USED  IN  MEAS- 
URING THE  VELOCITY  AND  DIRECTION  OF  MOVE- 
MENT OF  UNDERGROUND  WATER. 


By  Charlbm  H.  Slichtbr. 


A  brief  description  of  the  writer's  electrical  method  of  nieasuriDg 
the  velocities  of  underground  water  was  printed  in  the  Engineering 
News  of  February  20,  1902,  and  in  Water-Supply  and  Irrigation 
Paj)er  No.  67  of  the  United  States  Geological  Survey.  The  present 
account  will  give  a  more  detailed  description  of  the  form  of  the 
apparatus. 

APPARATUS. 

The  apparatus  used  is  of  two  types:  (1)  direct-reading,  or  hand 
apparatus,  which  requires  the  personal  presence  of  the  operator  every 
hour  for  reading  of  instruments,  and  (2)  recording  apparatus,  which 
requires  attention  but  once  in  a  day.  The  arrangement  of  the  test 
wells  and  manner  of  wiring  the  wells  is  essentially  the  same  in  both 
forms  and  will  now  be  described. 

TEST  WELLS. 

The  test  wells  may  be  common  H  or  2  inch  drive  wells  if  the  soil 
and  water-bearing  material  are  easily  penetrated,  and  if  the  depths  to 
l)e  reached  do  not  exceed  40  feet.     For  greater  depths  and  harder 
materials  wells  of  heavier  construction  should  be  used.     The  test 
wells  put  down  by  the  Commission  on  Additional  Water  Supply  for 
(Ireater  New  York  in  1903  are  suitable  for  ordinary  conditions  in  the 
eastern  part  of  the  United  States,  or  in  any  place  where  the  gravels 
are  not  too  coarse  or  too  compact.    These  test  wells  were  made  of  full- 
weight  standard  wrought-iron  2-inch  pipe,  in  lengths  of  6  or  7  feet, 
with  long  threads  (li-inch)  and  heavy  wrought  nipples.     The  well 
point8  were  4-foot  standard  brass  jacket  points.  No.  60  wire  gauze. 
For  wells  no  deeper  than  30  feet,  closed-end  points  were  driven,  but 
for  deeper  work  open-end  points  were  used.    The  test  wells  were 
driven  in  place  by  use  of  a  ram  from  15()  to  250  pounds  in  weight, 
simultaneously  hydraulicking  a  passage  for  the  pipe  with  water  jet  in 
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three-fourth  inch  standard  wash  pipe.  In  fine  material  there  was 
coupled  ahe^id  of  the  open  end  well  point  3  or  4  feet  of  pipe  carrying 
a  shoe  coupling,  so  that  the  sand,  in  running  in  through  the  open  end 
of  the  well,  would  not  rise  above  the  bottom  of  the  screen  inside  of  the 
finished  well. 

Mr.  Homer  Hamlin,  of  Los  Angeles,  Cal.,  has  devised  a  powerful 
drilling  rig  run  by  a  gasoline  engine,  which  enables  him  to  sink  test 
wells  in  the  bowlder  gravel  of  that  locality.  He  uses  a  special  double- 
strength  casing  with  flush  joints,  which  he  has  been  able  to  sink  to 
great  depths  with  his  remarkable  drilling  machine.  He  has  used  the 
ele<^trical  method  for  determining  underflow  velocities  with  great 
success. 

The  test  wells  are  grouped  as  shown  in  fig.  1. 


Fio.  l.->Plan  of  arraiigement  of  te»it  wells  uued  in  determining  the  velocity  and  direction  of  motion 
of  ground  waters.  A,  B,  C,  D  arc  the  test  wells.  The  direction  A-C  is  the  direction  of  pntliablo 
motion  of  the  ground  waters.  The  dimensions  given  in  pliin  a  are  miitablc  for  depths  up  to  abont  'Jr» 
or  30  feet;  those  in  plan  b  for  depths  up  to  about  75  feet.  For  greater  depths  the  distances  A— B. 
A— C,  A— D  should  be  increased  to  9  or  10  feet  and  the  distances  B—C  and  C— D  to  4  feet.  The  well 
A  is  the  "salt  well "  or  well  into  which  the  electrolyte  is  placed. 

In  case  the  wells  are  not  driven  deeper  than  25  feet,  an  "upstream" 
or  "salt  well,"  A,  is  located,  and  three  other  wells,  B,  C,  and  D,  are 
driven  at  a  distance  of  4  feet  from  A,  the  distance  between  B  and  C 
and  C  and  D  being  about  2  feet.  The  well  C  is  located  so  that  the 
lino  from  A  to  C  will  coincide  with  the  probable  direction  of  the 
ground- water  movement.  This  direction  should  coincide,  of  course, 
with  the  local  slope  of  the  water  plane.  For  deeper  work  the  w^ells 
should  be  placed  farther  apart,  as  shown  in  the  right  portion  of  fig.  1. 
For  depths  exceeding  75  feet,  a  radius  of  8  or  9  feet  and  chords  of  4 
feet  should  be  used,  the  general  requirement  being  that  the  wells 
should  be  as  close  together  as  possible,  so  as  to  cut  down  to  a  minimum 
the  time  required  for  a  single  measurement,  but  not  so  close  that 
important  errors  are  liable  to  be  introduced  by  the  inability  to  drive 
the  wells  perfectly  straight  and  plumb.  On  this  account  the  deeper 
the  wells  the  farther  apart  they  should  bo  placed.  The  angles  B  A  C 
and  CAD  should  not  exceed  30  degrees. 
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METHOD  OF   WIRING. 

Electrical  connection  is  made  with  the  casing  of  each  ktst  well  by 
nieans  of  drilled  coupling  carrying  a  binding  i)ost.  Kach  of  the  down- 
stream wells,  B,  C,  D,  contains  within  the  well  point  or  j^creen  section 
an  electrode  consisting  of  a  nickeled  brass  rod  three-eighths  inch 
by  4  feet,  insulated  from  the  casing  by  wooden  spools.  This  electrode 
communicates  with  the  surface  by  means  of  No.  14  rubber-covered 

B  A  C 
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Fig.  2.— Diagram  lllostrating  electrical  method  of  determining  the  velocity  of  flow  of  ground  water. 
Tlie  gnnmd  water  is  supposed  to  be  moving  In  the  direction  of  the  arn>w.  The  uiistream  well  is 
charged  with  an  electrolyte.  The  gradual  motion  of  the  ground  water  U)wanl  the  lower  well  and 
it«  final  arrival  at  that  well  are  registered  by  the  ammeter  A.  B  is  the  battery  and  C  a  commutator 
clock  which  is  used  if  A  is  a  recording  ammeter. 

copper  wire.  Fig.  2  illustrates  the  arrangement  of  electric  circuits 
between  the  upstream  well  and  one  of  the  downstream  wells.  An 
electrode  is  shown  in  PI.  I.  At  left  of  cut  there  Is  shown  an  elec- 
trode,  such  as  is  used  i'   a  downstream  well.     The  electrode  is  4  feet 
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long,  uiade  of  three-eighths  inch  nickeled  brans  rod.  Insulators  are 
of  wood.  The  end  of  rod  receives  a  No.  14  rubber-covered  wire,  to 
which  good  contact  is  made  by  a  simple  chuck  clutch.  At  right  of  cut 
are  shown  two  buckets  of  perforated  brass  used  in  charging  wells  with 
granulated  sal  ammoniac.  Size  of  each  is  If  by  30  inches.  Each  of 
the  downstream  wells  is  connected  to  the  upstream  well  in  the  manner 
shown  in  this  figure. 

DIRECT-READING  METER. 

A  view  of  the  direct-reading  underflow  meter  is  shown  in  PL  II, 
^1.  Six  standard  dry  cells  are  contained  in  the  bottom  of  the  box, 
their  poles  being  connected  to  the  six  switches  shown  at  the  rear  of 
the  case.  By  means  of  these  switches  any  number  of  the  six  cells 
may  be  thrown  into  the  circuit  in  series.  One  side  of  the  circuit  ter- 
minates in  eight  press  keys,  shown  at  the  left  end  of  the  box.  The 
other  side  of  the  circuit  passes  through  an  ammeter,  shown  in  the 
center  of  the  box,  to  two  three-way  switches  at  right  end  of  the  box. 
Four  of  the  binding  posts  at  the  left  end  of  the  box  are  connected 
to  the  casing  of  well  A  and  to  the  three  electrodes  of  wells  B,  C, 
and  D,  in  order.  The  binding  posts  at  the  right  end  of  the  box  are 
connected  to  the  casings  of  wells  B,  C,  and  D.  There  are  enough 
binding  posts  to  permit  two  different  groups  of  wells  to  be  connected 
with  the  same  instrument.  When  the  three-way  switch  occupies  the 
position  shown  in  the  plate,  to  press  the  first  key  at  the  left  end  of 
box  will  cause  the  ammeter  to  show  the  amount  of  current*  between 
casing  of  well  A  and  casing  of  well  B.  When  the  next  key  is  pressed 
the  ammeter  will  indicate  the  current  between  the  casing  of  well  B 
and  the  electrode  contained  within  it.  In  the  first  case  the  current 
is  conducted  between  the  two  well  casings  by  means  of  the  ground 
water  in  the  soil;  in  the  second  case  by  means  of  the  water  within  well 
B.  By  putting  the  three-way  switch  in  second  position  and  pressing 
the  first  and  third  keys  in  turn,  similar  readings  can  be  had  for  cur- 
rent between  casings  A  and  C,  and  between  casing  C  and  its  internal 
electrode.  Similarly,  with  switch  in  third  position,  readings  are  taken 
by  pressing  first  and  fourth  keys.  The  results  may  be  entered  in 
notebook,  as  shown  in  Table  I. 

The  principles  involved  in  the  working  of  the  apparatus  are  very 
simple.  The  upstream  well  A  is  charged  with  a  strong  electrolyte, 
such  as  sal  ammoniac,  which  passes  downstream  with  the  movin^^ 
ground  water,  making  the  ground  water  a  good  conductor  of  electricity. 
If  the  ground  water  moves  in  the  direction  of  one  of  the  lower  wells, 
B,  C,  D,  etc. ,  the  electric  current  between  A  and  B,  A  and  C,  or  A 
and  D  will  gradually  rise,  mounting  nipidly  when  the  electrolyte 
begins  to  touch  one  of  the  lower  wells.     When  the  electrolvte  finally 
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rc4U3hos  and  enters  inside  of  one  of  the  wells  B,  i\  I),  it  forms  a  short 
circuit  between  the  easin^f  of  the  well  and  the  internal  electrode, 
causing  an  abrupt  rise  in  the  electric  current.  The  result  can  }ie 
ea.sil3'  understood  ])y  consulting  Table  I  and  fig.  3,  in  which  the  cur- 
rent is  depicted  graphically. 

Table  1. — Field  record  of  electric  nirrerU  during  underflow  measuretnenU  at  station  5, 
Rio  Hondo  and  San  Oabriel  River ^  Calif omia,  AuffuH  6  and  6y  19(hi. 


[Readings  in 

amperes 

and  decimals  of  an 

ampere.] 

WeUB. 

WellC. 

WellD. 

Time. 

OMing. 

Elec- 
trode. 

Casing. 

Elec- 
trode. 

Casing. 

Elec- 
trode. 

Remarks,  a 

8  a.m 

0.140 
Salt 
.100 
.168 
.180 
.192 
.202 
.205 
.208 
.210 
.218 
.225 
.230 
.240 
.250 
.275 
.350 
.420 
.510 
.560 
.550 
.520 

0.360 

.360 

.345 

.340 

.345 

.342 

.350 

.330 

.390 

.330 

.330 

.330 

.340 

.600 

.850 

1.550 

2.000 

2.200 

2.250 

2.250 

2.200 

0.142 
Salt 
.168 
.170 
.182 
.195 
.202 
.204 
.205 
.205 
.210 
.210 
.218 
.222 
.222 
.225 
.230 
.240 
.240 
.240 
.230 
.230 

0.332 

.330 
.325 
.320 
.340 
.320 
.320 
.310 
.310 
.310 
.310 
.320 
.316 
.310 
.310 
.310 
.310 
.310 
.310 

0.150 
Salt 
.170 
.180 
.192 
.202 
.210 
.210 
.210 
.210 
.212 
.218 
.220 
.223 
.225 
.225 
.230 
.230 
.230 
.230 
.230 
.225 

0.390 

8.15  a.  m 

8.30  a.  m 

INaCl 

2  NH,C1 
INH.Oi 

9  a.  m 

iNaDl. 

10  a.  m 

.390 
.380 
.370 

1  NH.Cl 

11.40  a.  m 

1  p.m 

2  p.  m 

\^  p.  m 

4  p.  m 

5  p.  m 

6  p.  m 

7  p.m 

8  p.  m 

9p.m 

10.30  p.m 

12  p.  m 

1a.m.  ^ 

1  NH^Cl 

.370 

.360 
.370 
.360 
.360 
.360 
.350 
.352 
.360 
.340 
.340 
.340 
.340 
.330 
.330 

INaOl 

1  NH4CI 

INaCl 

1 

1  NH4CI 

2.30  a.m 

4.15  a.  m 

1 

f 

5.30  a.  m 

1 

|.._ 

7.45  a.  m 

8.15  a.  m 

9  a.  m 

i 

n  The  electrolyte  was  lowered  into  well  A  by  means  of  a  perforated  brasN  bucket,  1}  by  SO  inches  in 
Hize.  The  formula  "2  NH4CI"  meanM  that  two  of  these  buckets,  full  of  ammonium  chloride,  were 
introduced  into  well  A  at  the  time  indicated.    Each  of  these  buckets  held  2  pounds  of  the  salt. 

t*  August  6. 
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The  time  which  elapses  from  the  charging  of  the  well  A  to  the  arri- 
val of  the  electrolyte  at  the  lower  well  gives  the  time  necessarj'^  for  the 
ground  water  to  cover  the  distance  between  these  two  wells.  Hence,  if 
the  distance  between  the  wells  be  divided  by  this  elapsed  time,  the  result 
will  be  the  velocity  of  the  ground  water.  The  electrolyte  doe.s  not 
appear  at  one  of  the  downstream  wells  abruptly;  its  appearance  then* 
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Fig.  8.— Curves  showing  electric  current  between  casing  of  well  A  and  casing  of  well  B  (heary 
curve),  and  between  casing  of  well  B  and  it«  internal  electrode  (dotted  curve),  at  station  h,  San 
Gabriel  River,  Califoniia.  These  curves  illustrate  results  obtained  with  the  direct-reading  fomi  of 
apparatus. 

i8  somewhat  gradual,  as  is  shown  by  the  curves  in  figs.  3  and  4.  The 
time  required  for  the  electrolyte  to  reach  its  maximum  strength  in  one 
of  the  downstream  wells  after  its  arrival  at  that  well  (and,  hence,  the 
time  required  for  the  current  to  reach  its  maximum  value)  may  vary 
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from  a  few  minutes  in  a  t-ase  of  high  ground  water  velocity  to  soveml 
hours  in  a  case  of  low  velocity.  The  writer  formerly  supposed  that 
the  gradual  appearance  of  the  electrolyte  at  the  downstream  well  was 
largely  due  to  the  diffusion  of  the  dissolved  salt,  but  it  is  now  known 
that  diffusion  plays  but  a  small  part  in  the  result.  The  principal  cause 
of  the  phenomenon  is  the  fact  that  the  central  thread  of  water  in  each 
capillary  pore  of  the  soil  moves  faster  than  the  water  at  the  walls  of  the 
capillary  pore,  j[ust  as  the  water  near  the  central  line  of  a  river  chan- 
nel usually  flows  faster  than  the  water  near  the  banks.  For  this 
reason,  if  the  water  of  a  river  be  made  suddenly  muddy  at  a  certain 
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8      10     18     3      4       6      8      10    12 

VELOCITY  5.5  FEET  PER  DAY 


Fig.  4.— Oarvea  showing  posBibility  of  use  of  direct-reading  apparatus  when  well  points  are  not  used. 
The  casing  in  this  instance  consisted  of  common  black  2-inch  pipe,  with  a  few  small  holes  In  bottom 
section.  The  "casing"  carve  must  be  relied  upon  for  determining  velocity.  The  "electrode" 
curve  was  obtained  by  drawing  water  from  well  C,  as  shown  on  diagram,  the  charged  water  being 
drawn  into  the  well  through  the  small  holes  and  the  open  end  of  well. 

upstream  point,  the  muddiness  will  appear  somewhat  gradually  at  a 
downstream  point,  being  first  brought  down  by  the  rapidly  moving 
water  in  the  center  of  the  channel  and  later  by  the  more  slowly  moving 
water  near  the  banks.  The  eflfect  of  the  analagous  gradual  rise  in  the 
electrolyte  in  the  downstream  well  requires  us  to  select  the  ''point  of 
inflection"  of  the  curve  of  electric  current  as  the  proper  point  to 
determine  the  true  time  at  which  the  arrival  of  the  electrolyte  should 
be  counted.     This  point  is  designated  by  the  letter  M  in  figs.  3  and  4. 
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Owing  to  the  repeated  bninching  and  subdivision  of  the  capillary 
pores  around  grains  of  sand  or  gravel  the  stream  of  ele(*trolyte  issuing 
from  the  well  will  gradually  broaden  as  it  passes  downstream.  The 
actual  width  of  this  charged  water  varies  somewhat  with  the  velocity 
of  the  ground  water,  but  in  no  case  is  the  rate  of  the  divergence  very 


Pio.  6.~DlAgmm  showing  the  manner  in  which  the  electrolyte  spreads  in  paaring  downgtreun  with 
the  ground  water.  The  Khaded  circle  shows  the  hx^tion  of  the  salted  well,  and  samples  were  taken 
from  small  test  welln  pla<'t'd  in  the  sand  in  rows  and  oolomnsat  intervals  of  6  inches,  shown  by  dots 
in  the  diagram.  The  areas  of  the  eireles  are  proportional  to  the  strength  of  the  electrolyte  foond 
at  their  centers.  The  rough  outliiu'  indicates  the  area  covered  by  the  chaiged  water  at  the  times 
specified.  The  velocity  of  the  grftund  water  ( in  the  direction  of  the  arrows)  was  12  feet  a  day.  It 
can  be  seen  that  the  electrolyte  bare\^'  reached  a  distance  of  3  inches  against  the  dliection  of  flow. 

great.  Figs.  5  and  6  show  some  actual  determination  of  the  spread  of 
the  electrolyte  around  a  well  in  a  coarse  sand,  in  one  case  the  ground 
water  moving  12  feet  a  day  and  in  the  otlier  case  moving  23  feet  a  day. 
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Samples  of  ground  water  were  taken  from  small  tent  wells  plai'ed  only 
t>  inches  apart,  and  the  amount  of  salt  or  electrolyte  was  dett»rmined 
chemically.  The  amount  at  any  point  is  indicated  by  the  area  of  the 
tMrcles  shown  in  the  diagrams.  It  will  he  seen  that  the  salt  barely 
showed  itself  at  a  distance  of  3  inches  upstream  from  the  well.  Three 
feet  downstream  from  the  well  the  width  of  the  salt  stream  was  aYK)ut 
8  feet  in  the  first  case  and  about  2  feet  in  the  other. 

It  is  possible  to  dispense  with  the  circuit  between  the  casing  of  well 
A  to  the  casing  of  each  of  the  other  wells,  as  the  short  circuit  between 
the  well  and  electrode  forms  the  best  possible  indication  of  the  arrival 
of  the  electrolyte  at  the  downstream  well.  For  cases  in  which  the 
velocity  of  ground  water  is  high  the  circuit  to  w^U  A  is  practically  of 
no  value,  but  for  slow  motions  this  circuit  shows  a  rising  current 
before  the  arrival  of  the  electrolyte  at  the  lower  well,  often  giving 
indications  that  are  of  much  value  to  the  observer. 

The  method  can  be  used  successfully  even  if  only  common  pipe  be 
used  for  the  wells.  In  this  case,  however,  the  absence  of  screen  or 
perforations  in  the  wells  renders  the  internal  electrodes  useless,  and 
one  must  depend  upon  the  circuit  from  the  well  casing  of  the 
upstream  well  to  the  well  casing  of  the  downstream  well.  The  results 
in  Table  II  and  fig.  4  present  such  a  case. 

Table  II. — Fidd  record  of  electric  current  obtained  cU  gtation  1,  MasMpequa,  Long 

Island,  June  £1,  1908,  with  direct-reading  underflow  meter. 

[Readings  in  amperes  and  decimals  of  an  ampere.] 


Time. 

WeUB. 

Well  0. 

Well  D. 

Casing. 

Electrode. 

Casing. 

Electrode. 

Casing. 

Electrode. 

8.46  a.  m 

0.08 

0.08 

0.03 

0.10 

0.03 

0.09 

9  a.  m. « 

9.30a.m.«» 

10a.  m 

.04 

.04 

.04 

.04 

.04 

.041 

.042 

.042 

.048 

.043 

.043 

.043 

.043 

.08 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

.078 

.078 

.078 

.078 

.04 

.039 

.04 

.04 

.04 

.04 

.04 

.04 

.04 

.041 

.041 

.040 

.095 
.092 
.097 
.095 
.091 
.092 
.090 
.092 
.092 
.094 
.094 
.094 

.036 
.036 
.039 

.088 
.088 

10.30  a.  m 

.087 

11a.  m 

.  059           .  087 

11.30  a.  m 

.039 

.087 

12in 

.040 
.040 
.040 
.040 
.040 
.040 
.041 
.041 

.087 

1  p.  m 

.088 

^.  ua.  .....................  . 

1.30  p.  m 

.088 

2p.in 

2.30  p.  m 

.089 
.088 

3  p.  m.  ft 

3.30  p.  m 

.090 
.090 

4  !).m 

I      .  042 

.(HW 

.090 

alU  {Kmnds  of  Hal  ammonitic  placed  in  well  A. 
b2  pounds  of  Hal  iimnioniac  placed  in  well  A. 
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Table  II. — Fieid  record  of  electric  current   obtained  at  station  /,  MtuwifM-'/mt,   />./».; 
Idandy  June  21  y  1908^  with  direct- reading  nnderjiow  meter — (\)iitiniHHi. 


Time. 

Well  B. 

Well  C. 

We 

1 

r 

Canng. 

11  D. 
Elertn».l«-. 

o.omj 

Casing. 

0.043 
.043 
.045 
.045 
.045 
.045 
.045 
.049 
.048 
.050 
.060 
.051 
.051 
.050 
.053 
.053 

1 
Electrode. 

1 

0.078 

.078 

.078 

.078 

.078 

.078 

.080 

.080 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

Casing. 

0.042 
.042 
.043 
.043 
.046 
.046 
.048. 
.049 
.050 
.070 
.095 
.120 
.147 
.168 
.178 
.188 

Blectrodc. 

0.095 
.096 
.096 
.097 
.099 
.099 
.099 
.100 
.100 
.101 
.106 
.122 
.152 
.195 
.430 
.470 
^1.3 
1.4 
1.4 
1.5 
''1.9 
^2.20 
d2.20 
2.20 
2.20 
*2.30 
2.30 
-2.30 

4.30  p.  m 

0.041 

5  p.  Ill 

.041             .CM* 

5.30  p.  m 

.041   1          .090 

(>.IW  p.  in 

.042            .091 

7  p.  m 

.041            .091 

7.30  p.  m.  « 

.041   '         .090 

8  p.  m 

.042  '         .09:? 

8.30  p.  m 

9  p.  m 

10.30  p.  m 

12  p.  m 

.043 
.043 
.045 
.047 
.049 

.aw 
.aw 

.050 
,050 

.0»A 
.094 
.095 
.Ot*5 

1  a.  m.  ft 

2  a.  m 

.099 
.100 

3  a.  m.  o 

4  a.  m 

4.30  a.  m 

.100 
.100 
.100 

4.40  a.m ; 

5  a.  m 

.053 

.075 

.200 
.200 
.280 
.280 

.050 

.100 

6  a.  m 

........ 

8  a.  m 

.052 

.075 

.050 

rf.lOO 

8.15  a.  ni 

8.30  a.  m 

.26 

.25 
.245 



.049 

.049 

.099 

10  a.m 

.050 

.072 

1 

.099 

10  a-m 

11  a.  m 

1 

a 2  pounds  of  wil  ammoniac:  jilaced  in  well  A. 

''June  22,  1903. 

c  Before  thl.s  reading*  some  water  whh  taken  from  well  C. 

d  A  bout  2  qiiart,s  of  water  wnj^  taken  from  well  C  before  this  reading. 

•  After  6  quarts  of  water  was  taken  from  well  C. 

In  this  case  the  wells  were  not  provided  with  well  points,  but  did 
possess  a  4:-foot  length  of  pipe,  provided  with  four  or  five  holes  on 
opposite  sides  of  the  pipe,  containing  small  one-half  inch  washer 
screens.  These  few  openings  are  not  sufficient  to  permit  the  electro- 
lyte to  f  n»ely  enter  the  well,  so  that  readings  )>etween  casings  must  W 
relied  upon  for  results.  As  a  matter  of  fact,  enough  of  the  electro- 
lyte did  get  into  the  well  to  give  small  increased  readings,  hut  in  order 
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t^>  obtain  tho  oloctrodc  rcudiiijjs  jj^ivon  in  the  tiihle,  water  was  ivnioved 
from  the  downstream  wells  hy  a  small  bucket  holding  about  (>  ounees, 
so  a.s  to  force  a  quantity  of  the  water  surrounding  the  well  into  the 
|>erf orated  sections.  The  notes  appended  to  Table  II  show  times  of 
**  bucketing''  well  C,  and  comparison  with  the  column  headed  *'  well  C, 
electrode ''  shows  the  effect  on  the  strength  of  solution  in  the  well.  In 
cases  where  good  well  points  are  used  the  ground  water  charged  with 
the  electrolyte  finds  its  way  gradually  and  naturally  into  the  well. 
The  well  point  should  be  clean  enough  to  allow  as  free  passage  into 
the  well  as  through  the  soil  itself.  Second-hand  points  used  for  this 
purpose  may  show  a  marked  lag  in  the  entry  of  the  electrolyte. 


9:15  A.M. 


10:15  A.M. 


11:15  A.M. 


WELL  SALTED  AT  8:45  A.M. 


Pig.  6.— Figure  alio  wing*  conditions  similar  to  thofle  shown  In  fig.  5,  bnt  with  gronnd  water  moying 
about  twice  as  fast,  or  22.9  feet  a  day.  The  electrolyte  spreads  lens  rapidly  for  the  higher  velocities 
as  i.s  seen  by  comparing  this  diagram  with  fig.  5. 

Granulated  sal  ammoniac  is  used  to  dose  well  A.  A  single  charge 
may  vary  from  4  to  10  pounds.  If  common  pipe  without  points  or 
screen  is  used  for  the  wells,  so  that  internal  electrodes  must  be  dis- 
pensed with,  doses  of  about  2  pounds  each  should  be  repeat(*d  a}x)ut 
every  hour.  The  dry  salt  should  not  be  poured  directly  into  the  well, 
but  should  be  lowered  in  perforated  buckets,  as  shown  in  PI.  I.  These 
buckets  are  If  by  30  inches  and  hold  about  2  pounds  of  the  salt.  Two 
of  these  buckets  may  be  ticKl  one  above  the  other  for  the  initial  charge 
and  followed  by  two  more  in  ten  or  twenty  minutes. 
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If  the  wells  are  not  too  deep  the  sal  ammoniac  may  he  introduced 
into  the  well  in  the  form  of  a  solution.  A  common  bucket  full  of 
saturated  solution  is  sufficient.  There  is  an  uncertainty  in  iutroduc- 
ing  the  sal  ammoniac  in  solution  in  deep  wells,  as  the  time  required 
for  the  solution  to  sink  to  the  bottom  of  the  well  may  be  considerable. 

The  ammeter  used  in  the  work  has  two  scales,  one  reading  from  n 
to  1.5  amperes  and  the  other  from  0  to  5  amperes.     With  a  given 
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Pig.  7.— Electrical  ciirront  for  well  C,  station  14,  Long  Island,  plotted  on  coordinate  paper.    The 

reoord  was  taken  from  tlu-  fhnrl  shown  in  upper  part  of  t\g.  13. 

number  of  cells  the  amount  of  current  between  the  upstream  and  a 
downstream  well  will  depend,  of  course,  upon  several  factors,  such  a> 
the  depth  of  the  wells  and  their  distance  apart,  Init  more  especially 
upon  the  ainount  of  dissolved  mineral  matter  in  the  ground  water.  The 
initial  strength  of  the  current  cmi  be  readily  adjusted,  however,  aft<^r 
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the  wells  have  been  iH>nnected  with  the  iiistnimonts,  by  turning  on  or 
off  some  of  the  battery  cells  bv  moans  of  the  switi'lies  at  the  rear  of 
the  box.  It  is  a  good  plan  to  use  eells  enough  to  make  the  initial  cur- 
rent between  one-tenth  and  two-tenths  of  an  ampere. 


8ELF-RECOKDINO    METER. 


In  the  second  form  of  underflow  meter  self-recording  instnmients 
are  used;  so  as  to  do  away  with  the  tedious  work  of  taking  the  fre- 
quent observation^^,  day  and  night,  required  when  direct- reading  instru- 
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VELOaTY-(1)  Oe  FEET  PER  DAY.  -(2.)  6.9  F«ET  PER  DAY 


FifJ.  8.— Electrical  current  for  well  C,  station  13,  Long  Island,  plotted  on  coordinate  paper.  The 
record  was  taken  frrjm  the  chart  shown  in  the  lower  partof  Hk-  "•  The  curve  indicates  two  different 
veloeitie}«  in  different  beds  of  gmyel  penetrated  by  the  test  wells.  One  velocity  is  96  feet  a  day;  the 
other  6.9  feet  a  day. 

ments  are  used.  The  arrangement  of  the  apparatus  is  not  materi- 
ally diflFerent  from  that  described  above.  In  the  place  of  the  direct 
reading  ammeter  a  special  recording  ammeter  is  used,  having  a  range 
of  0  to  2  amperes.     It  has  been  found  practicable,  although  it  is  a 
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matter  of  no  .small  difficulty,  to  construct  an  instrument  of  this  low 
range  sufficiently  portable  for  field  use  and  not  too  delicate  for  the 
purpose  for  which  it  is  intended.  The  ammeter  has  a  resistance  of 
about  l.()  ohms  and  is  provided  with  oil  dash  pot  to  dampen  swin^  of 
arm  carrying  the  recording  pen.  The  instrument  were  manufactured 
by  the  Bristol  Company.  The  ammeters  have  gone  through  hard  usajfo 
in  the  field  without  breakage  or  mishap.  The  portability  of  the  instru- 
ments will  be  materiallv  increased  by  changes  in  design  which  are  now 
being  made. 

The  methods  of  wiring  the  wells  when  the  recording  instruments 
are  used  is  slightly  changed.  In  this  case  one  side  of  the  battery  cir- 
cuit is  connected  to  casing  of  well  A  and  to  all  of  the  eleetrodcs  of 
wells  B,  C,  and  D.  The  other  side  of  the  battery  is  run  through  the 
recording  ammeter  to  a  commutator  clock,  which  once  every  hour 
makes  a  contact  and  completes  the  circuit,  one  after  the  other,  to  a 
series  of  binding  posts.  One  of  these  binding  posts  is  connected  to 
the  casing  of  well  B,  one  to  the  casing  of  well  C,  and  one  to  the  casing 
of  well  D.  The  time  of  contact  is  ten  seconds,  which  gives  an  abun- 
dance of  time  for  the  pen  to  reach  its  proper  position  and  to  properlv 
ink  its  record. 

PL  II,  B^  and  PI.  Ill,  A^  show  two  commutator  clocks  made  for  thi> 
purpose  by  the  instrument  maker  of  the  College  of  Engineering, 
Universitv  of  Wisconsin.  The  clock  movement  is  a  standard  movement 
of  fair  grade,  costing  about  $5.  It  can  readily  be  taken  from  the  cttse 
for  cleaning  or  oiling  and  replaced.  A  seven-day  marine  movement, 
with  powerful  springs,  is  best  for  this  purpose. 

It  will  be  seen  from  the  method  of  wiring  the  wells  that  the  record 
will  show  the  sum  of  the  current  between  well  A  and  well  B  added 
to  the  current  between  the  casing  of  well  B  and  its  electrode.  The 
removal  of  the  connection  to  well  A  would  permit  the  record  to  show 
the  current  between  the  casing  of  a  downstream  well  and  its  electrode, 
but  the  connection  to  the  upstream  well  involves  no  additional  trouble, 
and  occasionally  itvS  indications  are  of  much  service,  especially  if  the 
velocities  are  low. 

All  of  the  instruments  above  mentioned  can  be  placed  in  a  common 
box  16  by  22  by  3()  inches,  covered  with  tar  paper  and  locked  up. 
PL  III,  7?,  shows  a  photograph  of  the  instruments  thus  arranged. 
The  shelf  contains  the  recording  ammeter  (shown  at  left  of  cut)  and 
the  comnmtator  clock  (shown  at  right  of  cut). 

The  contacts  on  the  conmmtator  clock  are  arranged  about  five  min- 
utes apart,  so  that  the  record  made  for  the  wells  will  appear  on  the 
chart  as  a  group  of  lines,  one  for  each  downstream  well,  of  length 
corresponding  to  the  strength  of  the  current.  The  increiising  current 
corresponding  to  one  of  the  wells  will  finally  be  indicated  by  tlio 
lengthening  of  the  record  lines  for  that  well.     This  can  be  seen  by 
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ooiLsulting  the  photographs  of  records  shown  in  PI.  IV.  In  the  upper 
chart  the  eleetricul  current  for  wells  B,  C,  and  D  at  station  14,  Long 
Inland,  is  recorded,  in  the  order  named,  at  2.10,  2.15,  and  2.20  p.  m.. 
and  hourly  thereafter,  the  current  remaining  nearly  constant  at  twenty- 
two  to  twenty -four  hundredths  ampere  until  10.15  p.  m.,  when  the  cur- 
rent for  well  C  rises  as  indicated  in  the  chart.  In  the  lower  chart  the 
electrical  current  for  wells  B,  C,  and  D  is  rec*orded,  in  the  order  named, 
at  6.30,  6.35,  and  6.40  p.  m.,  and  hourly  thereafter.  The  current  for 
wells  B  and  D  remains  constant  at  twenty-five  hundredths  ampere, 
but  the  current  for  well  C  is  seen  to  rise  as  shown  in  the  chart.  The 
record  charts  are  printed  in  light-green  ink,  and  red  ink  is  used  in 
the  recording  pen,  so  that  record  lines  can  \ye  readily  distinguished 
when  superimposed  upon  the  lines  of  the  chart.  A  special  chart  has 
been  designed  for  this  work  and  is  furnished  by  the  Bristol  Company 
as  chart  458. 

The  recording  instruments  in  use  have  given  perfect  satisfaction, 
and  the  method  is  a  great  improvement  in  accuracy  and  convenience 
over  the  direct-reading  method.  The  highest,  as  well  as  the  lowest, 
ground-water  velocities  yet  found  have  been  successfully  measured  by 
the  recording  instruments.  B.y  using  one  or  two  additional  dry  cells 
the  instrument  may  be  made  quite  as  sensitive  as  the  direct-reading 
type. 

,  In  using  the  recording  instruments,  but  a  single  dose  of  salt  need  be 
placed  in  the  upstream  well.  If  the  wells  are  deep  it  is  important  to 
use  enough  salt  solution  to  make  sure  that  the  salt  reaches  as  far  down 
as  the  screen  of  the  well  point  immediately  after  the  solution  is  poured 
into  the  well.  A  gallon  of  solution  will  fill  about  6  feet  of  full 
weight  wrought-iron  pipe,  so  that  10  gallons  of  solution  should  be 
used  if  the  well  is  60  feet  deep.  If  the  proper  amount  of  solution  be  not 
used  it  will  take  an  appreciable  time  for  the  solution  to  reach  the  bot- 
tom of  the  well  by  convection  currents,  and  the  results  will  be  vitiated 
to  that  extent.  As  before  stated,  it  is  preferable  to  introduce  granu- 
lated sal  ammoniac  into  the  well  in  a  suitable  bucket,  in  case  the 
depth  of  the  well  renders  the  use  of  a  solution  uncertain. 

If  the  ground  water  runs  high  in  the  quantity  of  total  dissolved 
solids,  say  more  than  100  parts  per  100,000  total  solids,  it  is  important 
to  run  the  electric  current  through  the  apparatus  in  a  particular  direc- 
tion so  as  to  reduce  polarization  and  lessen  the  deposit  of  material 
upon  the  electrode.  This  is  accomplished  by  arranging  the  batteries 
so  that  the  positive  or  carbon  pole  is  connected  to  the  internal 
electrodes  in  the  downstream  wells.  The  well  casings  form  in  this 
case  the  negative  or  other  end  of  the  battery  circuit,  and  the  available 
surface  is  so  much  greater  than  it  would  be  if  the  internal  electrodes 
fomied  this  end  of  the  circuit  that  little  trouble  from  polarization  or 
falling  off  of  current  need  be  experienced. 


THE  CALIFORNIA  OR    STOVEPIPE"  METHOD 

OF  WELL  CONSTRUCTION. 


By  Chableb  S.  Slichtkb. 


INTRODUCTION. 


The  peculiar  conditions  of  water  supply  existing  in  southern  Cali- 
fornia have  led  to  the  development  of  a  special  type  of  well  which  the 
writer  believes  to  })e  admirably  adapted  to  conditions  found  in  many 
places  in  the  eastern  part  of  the  United  States,  especially  on  Ijonjr 
Island  and  in  the  Coastal  Plain  region  of  the  Atlantic  States.  It  i> 
with  the  object  of  calling  attention  to  the  importance  of  this  method, 
by  which  a  large  number  of  water-bearing  beds  can  be  drawn  upon 
simultaneously,  that  the  many  points  of  excellence  of  the  California 
type  of  wells  and  methods  of  well  construction  are  pointed  out^  In 
addition  to  the  illustrations  accompanying  this  paper,  a  number  of 
others  showing  the  rigs,  casing,  and  other  appliances  used  in  connec- 
tion with  wells  in  southern  California  may  be  found  in  the  issue  of 
the  Engineering  News  for  November  19, 1903. 

CONDITIONS   IN   CALIFORNIA. 

The  valleys  in  southern  California  are  filled  'with  deposits  of  moun- 
tain de})ris,  gravels,  sands,  bowlders,  clays,  etc.,  to  a  depth  of  several 
hundred  feet,  into  which  a  considerable  part  of  tlie  rim-off  of  the 
mountains  sinks.  The  development  of  irrigation  upon  these  valleys 
soon  became  so  extensive  that  it  was  necessary  to  supplement  more 
and  more  the  perennial  flow  of  the  canyon  streams  by  ground  water 
drawn  from  wells  in  the  gravels.  This  necessit}'  was  greatly  acct*n- 
tuated  by  a  series  of  dry  years,  so  that  ground  waters  became  a  most 
valuable  source  of  auxiliary  supply  for  irrigation  in  the  important 
citrus  areas  in  southern  California.  The  type  of  well  that  cranio  to 
the  front  and  developed  under  these  circumstances  is  local U'  known 
as  the  "stovepipe"  well.  It  seems  to  suit  admirably  the  conditions 
prevailing  in  southern  California.  In  procuring  water  for  irrigation 
the  item  of  cost  is,  of  course,  much  more  strongly  emphasized  than  in 
obtaining  water  for  municipal  use.  The  drillers  of  wells  in  California 
were  not  only  confronted  with  a  material  which  is  almost  everywhere 
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full  of  liowlders  and  similar  iiiountain  debris,  but  also  b}-  a  bigh  cost 
of  labor  and  of  well  casings.  It  was,  undoubtedly,  these  difficulties 
that  led  to  the  very  general  adoption  in  California  of  the  '*  stovepipe" 
well. 

DESCRIPTION   OF  APPARATUS   AND   METHODS. 

The  wells  are  put  down  in  the  gravel  and  bowlder  mountain  outwash 
or  other  unconsolidated  material  to  any  of  the  depths  common  in  other 
loi-alities.  One  string  of  casing  in  favorable  location  has  been  put 
down  over  1,3(X)  feet.  The  usual  sizes  of  casings  are  7,  10,  12,  and 
14  inches,  or  even  larger.  A  common  size  is  12  inches.  The  well 
casing  consists  of,  first,  a  riveted  sheet-steel  "starter,"  from  15 
to  25  feet  long,  made  of  two  or  three  thicknesses  of  No.  10  sheet 
steel,  with  a  forged  steel  shoe  at  lower  end.  In  ground  where  large 
Ijowlders  are  encountered  these  starters  are  made  heavier,  the  shoe  1 
inch  thick  and  12  inches  deep,  and  three-ply  instead  of  two-ply  No.  10 
sheet-steel  body. 

The  rest  of  the  well  casing,  above  the  starter,  consists  of  two  thick- 
nesses of  No.  12  sheet  steel  made  into  riveted  lengths,  each  2  feet  long. 
One  set  of  sections  is  made  just  enough  smaller  than  the  other  to  per- 
mit them  to  telescope  together.  Each  outside  section  overlaps  the 
inside  section  1  foot,  so  that  a  smooth  surface  results  both  outside  and 
inside  of  the  well  when  the  casing  is  in  place,  and  so  that  the  break  in 
the  joint  is  always  opposite  the  middle  of  a  2-foot  length.  It  is  these 
short  overlapping  sections  which  are  popularly  known  as  "stove- 
piping."  • 

The  casing  is  sunk  by  large  steam  machinery  of  the  usual  oil-well 
t^'pe,  but  with  certain  very  important  modifications.  In  ordinarj- 
material  the  "sand  pump"  or  "sand  bucket"  is  relied  upon  to  loosen 
and  remove  the  material  from  the  inside  of  the  casing.  The  casing 
itself  is  forced  down,  length  by  length,  by  hydraulic  jacks,  buried  in 
the  ground  and  anchored  to  two  timbei*s  14  by  14  inches  and  16  feet 
long,  which  are  planked  over  and  buried  in  9  or  10  feet  of  soil.  These 
jacks  press  upon  the  upper  sections  of  the  stovepiping  by  meanS  of  a 
suitable  head.  The  driller,  who  stands  at  the  front  of  the  rig,  has 
complete  control  of  the  engine,  the  hydi*aulic  pump,  and  the  valves  by 
which  pistons  are  moved  up  or  down,  and  also  of  the  lever  that  con- 
trols the  two  clutches  which  cause  tools  to  work  up  and  down  or  to  be 
hoisted. 

The  sand  pumps  used  are  usually  large  and  heavy.  For  12-inch 
work  they  vary  in  length  from  12  to  It)  feet,  are  lOg  inches  in  diame- 
ter, and  weigh,  with  lower  half  of  jars,  from  1,100  to  1,400  pounds. 

After  the  well  has  been  forced  to  the  required  depth,  a  cutting 
knife  is  lowered  into  the  well  and  vertical  slits  are  cut  in  the  casing 
where  desired.     A  record  of  material  encountered  in  digging  the  well 
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IS  kept  and  the  porforations  arc  made  opposite  such  water-bearinp 
materials  as  may  be  mo:)t  advantageously  drawn  upon.  A  well  .'K«' 
feet  deep  may  have  400  feet  of  screen,  if  circumt-tances  justify  it. 

The  perforator  (see  6g.  9)  for  slittiug  stovepipe  casing  is  handled 
with  S-iDch  standard  pipe  with  three-fourths-inch  standard  pipe  on  the 
inside.     In  going  down  or  in  coming  out  of  the  well  the  weight  of  the 
three-fourths-inch  line  hold^  the  point  of  the  knife  up.     When  ready 
to  "stick"  the  three-fourths-inch  line  is  raised.     By  raising  slowly  on 
the  3-in(h  line  with  hydraulic  jacks,  cuts  are  made  from  three-eighths 
to  three-fourths  inch  wide  and  from  6  to  13  inches  long, 
according  to  the  material  at  that  particular  depth.      In 
another  type  of  perforating  appai-atus (fig.  10) a  revolv- 
ing cutter  punches  fine  holes  at  each  revolution  of   the 
wheel.      This  style  of  perforator  is  called  a  "  rolling' 
knife."     Besides  these  many  other  different  kinds  of 
perforators  are  in  use  in  California.     In  fact,  the  per- 
forator is  a  favorite  hobby  of  the  local  inventors.     They 
all  seem  to  work  well. 

ADVANTAGES  OP   CALIFORNIA    METHOD. 

The  advantages  of  this  method  of  well  construction 
are  iiuite  obvious.     For  wells  in  unconsolidated  nuterial, 
the  California  type  is  undoubtedly  the  best  yet  devised. 
I  believe  that  wells  of  this  type  would  be  highly  suc- 
cessful in  the  unconsolidated  coastal  deposits  on  Long 
Island,  in  New  Jersey,  and  at  similar  localities.     The 
absence  of  bowlders  and  very  coarse  gravels  in  those 
deposits  might  possibly  make  it  more  advantageous  to 
Fia.  fl.— Ferfonitor    use  the  hydraulic  jet  instead  of   the  ponderous  sand 
fordiiuiugsiove^    bucket  in  soft  material,  but  this  is  the  only  modification 
pipe  caWDg.  '  -' 

that  Eastern  conditions  seem  to  suggest. 
Among  the  special  advantages  in  the  stovepipe  construction  we  may 
enumerate  the  following: 

1.  The  absence  of  screw  joints  liable  to  break  and  give  out, 

2.  The  flush  outer  surface  of  the  casing,  without  couplings  to  catch 
on  bowldei's  or  to  hang  in  clay. 

3.  The  elastic  character  of  the  casing,  permitting  it  to  adjust  itself 
in  direction  and  otherwise  to  dangerous  stresses,  to  obstacles,  etc. 

4.  The  absence  of  screen  or  perforation  in  any  part  of  the  casing 
when  first  put  down,  permitting  the  easy  use  of  sand  pump  and  the 
penetration  of  quicksand,  etc.,  without  loss  of  well. 

5.  Thecheapnessof  large-size  casings,  because  madeof  riveted  sht'H 
steel. 

0.  The  advantage  of  short  sections,  permitting  use  of  hydraulic  jack:- 
in  forcing  casing  througli  the  ground. 
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7.  Tbe  ability  to  perforate  the  casinj;  at  aoy  level  at  plea^uro  is  a 
decided  advantaf^e  over  other  constmctioD.  Deep  wella  with  much 
screen  may  thus  be  heavily  drawn  upon  with  little  loss  of  suction  head. 

8.  The  character  of  the  perforations  made  by  the  cutting  knife  are 
the  best  possible  for  the  delivery  of  water  and  avoidance  of  clogging. 
The  large  side  of  the  perforation  is  inward,  ao  that  the  casing  is  not 
likely  to  clog  with  silt  and  d6bris. 

9.  The  large  size  of  casing  possible  in  this  system  permits  a  well  to 
l>e  put  down  in  bowlder  wash  where  a  common  well  could  not  [lossibly 
he  driven. 

10.  The  uniform  pressure  produced  by  the  hydraulic  jacks  is  a  great 
lidvsntage  in  safety  and  in  convenience 
and  speed  over  any  system  relying 
upon  driving  the  casing  by  a  weight 
or  ram. 

11.  The  cost  of  construction  is  kept 
at  n  minimum  by  the  limited  amount 
of  labor  required  to  man  the  rig,  as 
well  as  by  the  good  rate  of  progress 
passible  in  what  would  be  consid- 
ered in  many  places  impossible  ma- 
terial to  drive  in,  and  by  the  cheap 
form  of  casing. 

COST   OF   THE   WELLS. 

An  idea  of  tbe  cost  of  i^onstructing 
these  wells  can  best  be  given  by  quot- 
ing actual  prices  on  some  recent  con- 
struction in  California.  According 
to  contracts  reccntlj'  let  near  IjOs  An- 
geles, tbe  cost  of  12-inch  wells  was; 

Fifty  cents  per  foot  for  the  first  HMJ 
feet,  and  25  cents  additional  per  foot       ^    r>    r^ — >v        ItP^T^ 
for  each  succeeding  50  feet,  casing  to  ^"^      ^  IL  tsli '^'     ''  *■ 

Ih- furnished  by  thewell  owner.    This  ^''^^'•■'i^^fyn^^^T  "" 
makes   the   cost  of   a  500-foot  well  '       -v^-7^^^->— ^ 

$700  in  addition  to  casing.  The  Fw.Mi.-Eoiiettn«o(periomior. 
usual  type  of  No.  12  gauge,  double  stovepipe  casing,  is  about  $1.05  a 
foot,  with  $40  for  12-foot  .-itarter  with  three -quarter  inch  by  8-inch 
stool  ring.  A  good  driller  gets  $5  a  day;  helpers,  $2.50  a  day.  The 
cost  of  drilling  nms  higher  than  that  given  above  in  localities  where 
larf[c  and  numerous  bowlders  are  encountered. 

The  drillers  build  their  own  rigs  according  to  their  own  ideas,  so 
thittno  two  rigs  are  exactly  alike;  that  is,  the  drillers  pick  out  the 
cikstings  and  working  parts  and  mount  them  according  to  ideas  that 
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experience  has  taught  them  are  the  l)est  for  the  wash  formations  in 
which  they  nuist  work.     Fig.  11  show^♦  a  common  form  of  rig. 

It  is  not  very  profitable  to  name  individual  wells  of  this  type  and 
give  their  flow  or  yield,  since  conditions  vary  so  much  from  place  to 
place.  From  the  method  of  construction  it  must  be  evident  that  thi." 
type  of  well  is  designed  to  give  the  very  maximum  yield,  as  every 
water-bearing  stratum  may  be  drawn  upon.  The  yield  from  a  number 
of  wells  in  California  of  average  depth  of  about  250  feet,  pumped  by 
centrifugal  pumps,  varied  from  about  25  to  150  miners'  inches^  or 


v_y 


I   •OIUR  Ift  ON  A  tiPARATE  WAOOH 


•vV 


Fio.  ll.^Comiiion  form  of  California  well  rig. 

from  300,000  to  2,000,000  gallons  a  day.     These  are  actual  measured 
yields  of  water  supplied  for  irrigation. 

Among  the  very  best  flowing  wells  in  southern  California  are  those 
near  Ijong  Beach.  The  Boughton  well,  the  Bixby  wells,  and  the  wells 
of  the  Sea  Side  Water  Company  are  12-inch  wells,  varying  in  depth 
from  500  to  700  feet  and  flowing  about  250  miners'  inches  each,  or  over 
3,000,000  gallons  per  twenty-four  hours.  The  flow  of  one  of  these 
wells  is  the  greatest  1  have  seen  reported.  Among  the  records  for 
depth  are  those  of  1,360  feet  for  a  10-inch  well,  and  S)15  feet  for  a 
12-inch  well.  A  new  14-inch  well  has  already  reached  a  depth  of  7l4 
feet. 


APPROXIMATE  METHODS  OF  MEASURING 
THE  YIELD  OF  FLOWING  WELLS. 


By  Charles  S.  Slighter. 


Tables  for  determining  the  discbarge  of  water  from  completely 
tilled  vertical  and  horizontal  pipes  were  prepared  a  number  of  years 
ago  by  Prof.  J.  E.  Todd,  State  geologist  of  South  Dakota,  who  issued 
a  private  bulletin  describing  simple  methods  of  determining  quickly,- 
with  fair  accuracy  and  with  little  trouble,  the  yield  of  artesian  wells. 
In  the  following  notes  the  tables  and  explanations  relating  to  vertical 
and  horizontal  pipes  are  taken  from  this  bulletin.  The  explanations 
and  tables  relating  to  the  measurement  in  the  partially  filled  horizontal 
and  inclined  pipes  have  been  appended  by  the  present  writer. 

MEASUREMENT  OF   FLOWS   FROM   FILLED  PIPES. 

In  determining  the  flow  of  water  discharged  through  a  pipe  of  uni- 
form diameter  all  that  is  necessary  is  a  foot  rule,  still  air,  and  care  in 
taking  measurements.  Two  methods  are  proposed,  one  for  pipes  dis- 
charging vertically,  which  is  particularly  applicable  before  the  well  is 
permanently  finished,  and  one  for  horizontal  discharge,  which  is  the 
most  usual  way  of  finishing  a  well. 

The  table  on  page  39  is  adapted  to  wells  of  moderate  size  as  well  as  to 
large  wells.  In  case  the  well  is  of  other  diameter  than  given  in  the 
table  its  discharge  can  without  much  difficulty  be  obtained  from  the 
table  by  remembering  that,  other  things  being  equal,  the  discharge 
varies  as  the  square  of  the  diameter  of  the  pipe.  If,  for  example,  the 
pipe  is  one-half  inch  in  diameter  its  discharge  will  be  one-fourth  of 
that  of  a  pipe  1  inch  in  diameter  for  a  stream  of  the  same  height.  In 
a  similar  manner  the  discharge  of  a  pipe  8  inches  in  diameter  can  be 
obtained  by  multiplying  the  discharge  of  the  4-inch  pipe  by  4. 

In  the  first  method  the  inside  diameter  of  the  pipe  should  first  be 
measured,  then  the  distance  from  the  end  of  the  pipe  to  the  highest 
point  of  the  dome  of  the  water  above,  in  a  strictly  vertical  direction — 
a  to  }  in  the  diagram,  fig.  12.  Find  these  distances  in  Table  I  (A), 
and  the  corresponding  figure  will  give  the  number  of  gallons  dis- 
charged each  minute.  Wind  would  not  interfere  in  this  case,  so  long 
as  the  measurements  are  taken  vertically. 
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The  method  for  deterniiniDg  the  discharge  of  horizontal  jn\K^ 
requires  a  little  more  far«.  First,  measure  the  diameter  of  the  pipe, 
as  before,  then  the  verticiil  distance  from  the  center  of  the  openio"!' 
of  the  pipe,  or  some  convenient  point  corresponding  to  it  on  the  side 
of  the  pipe,  vertically  downward  6  inches,  a  to  A  of  the  digram,  then 
from  this  point  strictly  horizontally  to  the  center  of  the  stream,  J  to  r. 
With  these  data  the  flow  in  gallons  per  minute  can  he  obtained  from 
Table  I  (R).  It  will  readily  be  seen  that  a  -slight  error  may  make 
much  differenoe  in  the  discharge.  Care  must  be  taken  to  measure 
horizontally  and  also  to  the  center  of  the  stream.  Because  of  thi^  dif- 
ficulty it  is  desirable  to  check  the  lirst  determination  by  a  second.  For 
this  purpose  columns  are  given  in  the  tables  for  corresponding  meas- 
urements 12  inches  below  the  center  of  the  pipe.  Of  course  the  dis- 
charge from  the  same  pipe  should  be  the  same  in  the  two  mea.surenieni- 


no.  12.— DUgTun  ttlastrattng  flow  Irom  Tertlcsl  and  horlimlttl  ptpei. 

of  the  same  stream.  Wind  blowing  either  with  or  again.st  the  water 
may  vitiate  results  to  an  indefinite  amount;  therefore  measurements 
should  lie  taken  while  the  air  is  still. 

Whenever  fractions  occur  in  the  height  or  horizontal  distance  of  the 
stream,  the  number  of  gallons  can  be  obtained  by  appoitioning  the  dif- 
ference between  the  readings  in  the  table  for  the  nearest  whole  num- 
bers, aocoi-ding  to  the  size  of  the  fnu^tton.  For  example,  if  the  distance 
from  the  top  of  the  pipe  to  the  top  of  the  stream  in  the  first  cajw  is  fti 
inches,  one-third  of  the  ditfcrence  between  the  reading  in  the  table  for 
9  and  10  inches  must  he  added  to  the  former  to  give  the  correct  result. 

In  case  one  measures  the  flow  of  a  well  by  both  methods  he  may 
think  that  the  results  should  agree,  but  such  is  not  the  case.  In  the 
vertical  discharge,  there  being  less  friction,  the  flow  will  be  largfer;  so 


8LICHT1R.]      MEASUREMENT    OF   YIELD    OF   FLOWING    WELLS. 


89 


also  in  the  second  method  diflferences  will  be  found  according  to  the 
length  of  the  horizontal  pipe  u^ed. 

As  pipes  are  occasionally  at  an  angle,  it  is  well  to  know  that  the  sec- 
ond method  can  be  applied  to  them  if  the  first  measurement  is  taken 
strictly  vertically  from  the  center  of  the  opening,  and  the  second  meas- 
urement from  that  point  parallel  with  the  axis  of  the  pipe  to  the  cen- 
tner of  the  stream,  as  before.  The  measurements  can  then  be  read 
from  the  table. 

Table  I. — For  determining  yidd  of  artesian  veils. 
[In  gallons  per  minute.] 


e^ 


n 


Ins. 

i 
1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 


A.  Flow  from  vertical  pipes. 


B.  Flow  from  horizontal  pipes. 


Diameter  of  pipe  in  inches. 


2 


1 

n 

n 

3.96 

6.2 

8.  91 

5.60 

8.7 

12.6 

7.99 

12.5 

18.0 

9.81 

15.3 

22.1 

11.33 

17.7 

25.6 

12.68 

19.8 

28.5  1 

13.88 

21.7 

31.2 

14.96 

23.6 

33.7 

16.00 

25.1 

36.0 

17.01 

26.6 

38.3 

17.93 

28.1 

40.3 

18.80 

29.5 

42.3 

19.65 

30.7 

44.2 

20.46 

31.8 

45.9 

21.22 

33.0 

47.6 

21.95 

34.2 

49.3 

22.67 

35.2 

50.9 

23.37 

36.3 

52.5 

24.06 

37.5 

54.1 

24.72 

38.6 

55.6 

25.37 

39.6 

57.0 

26.02 

40.6 

58.4 

26.66 

41.6 

59.9 

27.28 

42.6 

61.4 

27.90 

43.5 

62.8 

28.49 

44.4 

64.1 

29.05 

45.3 

66.3 

15.8 

22.4 

32.0 

39.2 

45.3 

50.7 

55.5 

59.8 

64.0 

68.0 

71.6 

75.2 

78.6 

81.8 

84.9 

87.8 

90.7 

93. 5 

96.2 

98.9 

101.6 

104.2 

106.7 

109.2 

111.6 

114.0 

116.2 


35.6 
51.4 
71.9 
88.3 
102.0 
113.8 
124.9 
134.9 
144.1 
153.1 
161.3 
169. 3 
176.9 
184.1 
190.9 
197.5 
203. 9 
210.3 
216.5 
222.5 
228.5 
234.3 
240.0 
245.6 
251.1 
256,4 
261.4 


Jng. 
6 

t 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


1-Inch  pipe. 


6-inch 
level. 


7.01 
8.18 
9.35 
10.51 
11.68 
12.85 
14.02 
15.19 
16.36 
17.53 
18.70 
19.87 
21.04 
22.21 
23.  37 
24.54 
25.71 
26.88 
28.04 
29.11 
30.38 
31.55 
32.72 
33.89 
35.06 
36.23 
87.40 


12-Inch 
level. 


2-lnch  pipe. 


6-inch 
level. 


I 


4.95 

5.77 

6.60 

7.42 

8.25 

9.08 

9.91 

10.73 

11.56 

12.38 

13.21 

14.04 

14.86 

15.69 

16.51 

17.34 

18.17 

18.99 

19.82 

20.64 

21.47 

22.29 

23.12 

23.95 

24.77 

25.59 

26.42 


27.  71 

32.33 

36.94 

41. 56 

46.18 

50.80 

55.42 

60.03 

64.65 

69.27 

73.89 

78.51 

83.12 

87.74 

92.36 

96.98 

101.60 

106.21 

110.83 

115.45 

120. 07 

124.  69 

129.30 

133.92 

138. 54 

143. 16 

147.  78 


12-inch 
level. 


19.63 
22.90 
26.18 
29.45 
32.  72 
35.99 
39.26 
42.54 
45.81 
49.08 
52.35 
55.62 
58.90 
62.17 
a5.44 
68. 71 
71.98 
75.26 
78.53 
81.80 
85.07 
88.34 
91.62 
94.89 
98.16 
101.43 
104.70 
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Table  I. — Fw  determining  yield  ofariegian  irelh — Continued. 


A. 

Flow  from  vertical  pipes. 

B.  Flow  from  horizontal  pifM'w. 

t 

• 

••-1 

o 

1 

Diametei 
U 

■  of  pipe  i 

n  inches. 
2 

3 

1 

Horizontal 
length  of  Jet. 

1-inch  pipe. 

2-incl 

6-ineh 
level. 

ipipe- 

Si 
ftp 

6-inch 
level. 

• 

12-inrh 
level. 

i 

I2-inoh 
leveL 

Jrw. 

1 

1  ^^*'  ! 

1 

27 

29.59 

46.1 

66.4 

118.2 

266.1  ' 

33 

38. 57     27. 25 

152.39 

107.  t*s 

28 

30.08 

46.9 

67.6 

120.3 

270.4  ' 

1 

34 

1 

39.64 

28.08 

157.01 

111.25 

29 

30. 55 

47.5 

68.5 

121.9 

274.1 

35 

40.45 

28.64 

161.63 

1 14. 52 

30 

30. 94 

48.2 

69.4 

123.4 

277.6 

:w 

41.60 

29.46 

166.25 

117.7^ 

36 

34.1 

53.2 

76.7 

136.3 

306.6 

48 

39.1 

61.0 

88.0 

156.5 

:^2.i 

60 

43.8 

68.4 

98.6 

175. 2 

394.  3 

72 

48.2 

75.2 

108.0 

192.9 

434.0 

84 

51.9 

81.0 

116.8 

207.6 

467.0 

Continue  by  adding  for  each 

inch — 

96 

55.6 

86.7 

125.0 

222. 2 

500.0 

108 

58.9 

92.0 

132. 6 

235.9 

530.8 

120 

62.2 

98.0 

139.9 

248.7 

559.5 

132 

65.1 

102.6 

146.5 

260.4 

585.9 

1.15 

0.82 

4.62 

3.27 

144 

68.0 

106.4 

153.1 

272.2 

612.5 

Note.— To  convert  results  into  cubic  feet,  divide  the  number  of  g:allons  by  7.5,  or,  more  accarateiy. 
by  7.48. 

The  flow  in  pipes  of  diameters  not  given  in  the  table  can  easily  be  obtained  in  the 
following  manner: 

For  }-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 0. 25 

For  }-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 0. 56 

For  IJ-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 1. 56 

For  1  J-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 2. 25 

For  3-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 2. 25 

For  4-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 4. 00 

For  4 J-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 5. 06 

For  5-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 6. 25 

For  6-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 9. 00 

For  8-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 16. 00 


MEASUREMENT  OF   FLOWS   FROM  PARTLY   FnXED  PIPES. 

From  Table  II,  given  below,  it  should  be  possible,  if  the  wind  is 
not  blowing  too  hard,  to  determine  the  flow  with  an  error  probably 
not  exceeding  10  per  cent.  This  error  is  no  greater  than  the  fluctua- 
tion of  the  flow  due  to  the  daily  variations  of  the  barometric  pressure 
in  the  case  of  most  wells.  The  results  in  extreme  cases,  such  as  a  ono- 
fourth  inch  stream  in  a  6-inch  pipe,  are,  of  course,  still  less  accurate, 
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and  actual  meaNureinojit  liy  collecting  the  water  in  a  vessel  of  definite 
capacity  should  lie  resorted  to  if  possible. 


Pio.  IS.— Mutbod  ol  meoniring  futlj  flllnl  pipes. 
Tablk  n. — For  Kali Fnaling  lilt  liiicharge  from  partly  filled  horitontal  or  doping  pipa. 


b>-  A  H  ll> 

DlKhanfe  ei- 
tbaree  [ram 

^i^r.'s^t^r; 

[Obtained  by 
aividlnK  A  II 

DiKbarge  ex- 

o.a5 

0.98 

0.55 

0.44 

.10 

9.5 

.60 

.37 

.15 

91 

.65 

.31 

.20 

86 

.70 

.25 

.2!i 

80 

.75 

.20 

.30 

7.'^ 

.80 

.14 

.;« 

69 

.85 

.092 

.40 

6:1 

,90 

.0.54 

.4.') 

55 

.95 

.015 

.50 

50 

1.00 

.000 

To  estimate  discharge  from  partly  filled  horizontal  or  sloping  pipe, 
first  estimate  discharge  from  full  pipe  of  same  size  by  means  of  Table  I. 
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Next  measure  with  afoot  rule  the  dimension  A  D  (see  fig.  13)  of  tht* 
empt}^  portion  of  cross  section  of  the  pipe.  Divide  this  l>3'  the 
inside  diameter  of  the  pipe,  which  will  give  the  f luctional  part  of  the 
diameter  that  is  occupied  by  the  empty  part  of  pipe.  In  Table  II  find 
in  the  first  column  the  number  nearest  to  the  above  quotient.  Oppo- 
site this  number  will  he  found  the  per  cent  of  discharge  of  full  pii»e 
which  the  partially  filled  pipe  is  yielding.  It  is  suflBcient  to  raeasun* 
the  distance  A  D  to  the  nearest  eighth  of  an  inch,  or  at  most  to  the 
nearest  sixteenth  of  an  inch. 

EXAMPLE. 

Suppose  that  a  2-inch  horizontal  pipe  has  a  length  of  jet  of  13  inches 
at  6-inch  level.  From  Table  I  this  would  represent  a  discharge  of  (ji) 
gallons  per  minute  from  full  pipe.  Suppose  that  the  distance  A  D  is 
five-eighths  of  an  inch  and  A  B  is  2  inches,  or  sixteen-eighths  of  an 
inch.  Dividing  5  by  16  gives  0.31.  In  the  first  column  of  Table  II 
we  find  0.30,  the  nearest  to  0.31,  and  opposite  0.30  in  the  second  col- 
umn of  the  table  appears  0.75.  The  discharge  from  the  partly  filled 
pipe  is  therefore  60X0.75=45  gallons  per  minute. 


CORRECTIONS  NECESSARY  IN  ACCURATE 
DETERMINATIONS  OF  FLOW  FROM  VERTI- 
CAL WELL  CASINGS. 


From  notes  furnished  by  A.  N.  Talbot. 


MOVABLE  ARM  OR  POINTER 
TO  SET  TO  TOP  OP  JET 


_  f QRAOUATEO  aCALE 


ZERO  OP  SCALE  iCVtL 
WITH  EOQE  OF  PIPC 


The  method  described  by  Professor  Todd  is  based  on  certain  assumed 
theoretical  conditions.  While  the  error  resulting  from  the  method  of 
measurement  is  usual!}'  loss 
than  10  per  cent,  and  while 
it  Is  of  great  value  in  approx- 
imate field  determinations, 
certain  corrections  must  be 
made  in  order  to  exactly  de- 
tennine  the  amount  of  flow. 

The  considerations  to  be 
taken  into  account  are  that 
in  vertical  pipes  the  water 
will  not  rise  to  the  height  of 
its  full  velocity  head  and  that 
the  velocity  is  not  uniformly 
distributed  over  the  cross 
section.  For  velocity  heads 
equal  to  the  diameter  of  the 
pipe  up  to  a  height  of  10 
feet  this  discrepancy  is  not 
very  great,  but  for  lower 
values    it    is    considerable. 

Fig.  15  shows  the  coeflB- 
cients  for  2-inch,  4-inch,  and 
6-inch  pipes  from  low  heads 

up  to  heads    of  2  to  3  feet.    no.  14.— sketch  showing  application  of  movable  pointer 
These    range    from    0.80    to  and  scale  in  measuring  jets. 

0.96.  The  values  above  this,  until  atmospheric  resistance  becomes 
great,  will  not  be  much  different.  The  quantities  found  by  Professor 
Todd's  table  should  be  multiplied  by  these  coefficients.    These  values 
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UMP  TO  HOLD  ORADUATEO  SCALE 


-VERTICAL  PIPE  PROM  WMICH  4ET  IS  TO  COME 
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are  fixed  on  the  assumption  that  the  height  of  water  may  be  determined 
b}^  finding  the  distance  from  the  end  of  the  pipe  to  the  highest  point 
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HEJQHT  OF  JET  ABOVE  PIPE,  IN  FEET. 
Fig.  15.— Coefficients  of  discharge  for  high  and  low  heads. 


2.5 


3.0 


of  the  jet  by  means  of  a  movable  pointer  and  scale,  as  shown  in  fig. 
14,  or  by  some  similar  device. 


EXPERIMENT  RELATING  TO  PROBLEMS  OF 
WELL  CONTAMINATION  AT  QUITMAN,  GA. 


By  S.  W.  McCallie. 


INTRODUCTION. 


During  the  summer  of  1903,  a  boring  for  a  deep  well,  constructed 
by  the  town  of  Quitman,  Ga.,  to  improve  its  water  supply,  pene- 
trated, at  a  depth  of  123  feet  from  the  surface,  in  limestone,  what 
appeared  to  be  a  cavity  6f  feet  deep.  Immediately  after  the  cavity 
had  been  penetrated  by  the  drill  the  water  rose  to  within  77  feet  of 
the  surface,  at  which  pofnt  it  remained.  In  extending  the  bore  hole 
beyond  this  depth  it  was  found  that  all  of  the  water  forced  into  the 
well  to  carry  out  the  drillings,  and  also  the  drillings  themselves, 
appeared  to  pass  oflf  by  the  cavity.  It  was  further  discovered  that  any 
quantity  of  water,  however  great,  that  was  forced  into  the  bore  hole, 
did  not  raise  the  level  of  the  water  in  the  well  above  77  feet,  and,  on 
the  other  hand,  that  continuous  pumping  was  equally  ineffective  in 
lowering  the  level. 

After  the  sinking  of  the  well  to  a  second  water-bearing  stratum,  at 
a  depth  of  321  feet,  another  well  was  constructed  with  a  view  of  test- 
ing more  fully  the  water-carrying  capacity  of  the  underground  cavity, 
which  was  supposed  to  be  a  channel  of  a  large  subterranean  stream. 
The  second  well,  6  inches  in  diameter,  was  put  down  a  few  hundred 
yards  southwest  of  the  first  well,  and  only  a  few  feet  from  the  margin 
of  Russell  Pond,  a  small  body  of  stagnant  water  occupying  a  nearly  cir- 
cular depression  having  the  appearance  of  a  partially  filled  lime 
sink.  This  well  having  been  extended  to  the  cavernous  limestone,  a 
canal  was  dug  to  connect  it  with  the  pond,  and  the  water  was  allowed 
to  flow  from  the  pond  into  the  well.  The  pond,  which  contained 
about  one-half  million  gallons  of  water,  was  drained  by  the  well 
in  a  few  hours,  without  apparently  affecting  the  level  of  the  water  in 
the  bore  hole,  which  remained  constant  at  77  feet  from  the  surface. 
This  test  was  conclusive  to  the  town  authorities  that  the  underground 
cavit}'^  had  a  capacity  to  carry  off  an  illimitable  amount  of  water,  and 
it  was  at  once  suggested  that  the  town  might  be  able  to  make  use  of 
this  so-called  underground  stream  for  sewage  disposal.  This  sugges- 
tion was  soon  taken  up  by  the  press  of  south  Georgia,  and  within  a 
short  time  Governor  Terrell  received  a  number  of  letters  importuning 
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him  to  interfere  to  prevent  the  Quitman  authorities  from  using*  deep 
wells  for  sewerage  purposes. 

At  the  request  of  the  governor,  the  writer,  who  at  that  time  was 
engaged  in  the  study  of  the  underground  waters  of  (leorgia  for  the 
State  and  the  United  States  Geological  Survey,  made  a  trip  to  Qui^ 
man  to  investigate  the  reports  and,  if  they  should  be  found  true, 
to  point  out  to  the  people  of  Quitman  the  possibility  that  such  a  sew- 
ernge  system  might  contaminate  the  wells  and  springs  in  that  reg'ion. 
When  the  writer  arrived  at  Quitman  he  found  that  the  town  authori- 
ties were  seriously  considering  the  question  of  disposing  of  the  sewage 
as  reported.  They  were  willing,  however^  to  give  up  the  idea  of  using 
the  supposed  underground  stream  for  sewerage  purposes  if  it  could  be 
shown  that  such  use  would  prove  injurious  in  any  way  whatever. 
Furthermore,  they  wei'e  willing  to  cooperate  with  the  State  and  the 
United  States  surveys  by  paying  the  greater  part  of  the  expense  of 
any  experiments  that  might  be  necessary  to  establish  this  fact. 

After  some  delay  arrangements  were  finally  made  with  the  United 
States  Geological  Survey  for  conducting  an  experiment  to  determine 
the  possibility  of  contamination  of  adjacent  wells  and  springs,  the 
plan  adopted  for  this  purpose  being  what  is  known  as  the  chlorine 
method  of  tracing  underground  watercourses. 

The  well  into  which  the  chlorine  (sodium  chloride)  was  introduced 
in  carrying  out  this  experiment  was  the  Kussell  Pond  well,  referred  to 
above.     The  well  has  a  depth  of  120  feet,  and  shows  the  following  section : 

Section  of  well  at  Rtissell  Pondj  near  Quitman^  Qa. 

Feel. 

1.  Surface  sand 2 

2.  Varicolored  clay 60 

3.  Yellow  Hand 15 

4.  Gray  sandy  clay 43 

5.  Limestone  (water  bearin^r). 

The  water,  which  rises  to  about  77  feet  of  the  surface,  comes  from 
the  cavernous  limestone  found  in  all  of  the  deep  wells  of  Quitman  and 
vicinity. 

GEOGRAPHY   AND  GEOLOGY. 

Before  the  experiment  is  described  in  detail  a  few  general  notes  will 
be  given  on  the  geography  and  geology  of  the  region,  both  of  which 
have  a  certain  bearing  on  the  question  under  consideration. 

That  part  of  south  Georgia  covered  in  conducting  the  Quitman 
experiment  lies  along  the  Georgia-Florida  State  line,  and  includes  the 
southern  part  of  Brooks  and  the  adjacent  portions  of  Thomas  and 
Lowndes  counties.  This  part  of  the  State  is  comparatively  level,  but 
in  parts  of  Brooks  County  the  surface  is  more  or  less  rolling,  and 
depressions  caused  by  lime  sinks  are  occasional h'^  seen.  The  streams, 
which  all  flow  southward,  are  usually  sluggish,  and  at  points  in  their 
course  frequently  traverse  cypress  swamps  of   considerable  extent. 
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Tho  .springs  of  the  regfion  are  few  In  number,  but  are  usually  large. 
They  are  generally  found  in  or  near  the  larger  streams,  and  are  often 
submerged  during  the  wet  season. 

The  geology  of  the  region  is  typical  of  the  portion  of  south  Georgia 
that  lies  along  the  State  line  west  of  Thomasville,  and  that  has  been 
described  by  Spencer  and  others.  Nearly  everywhere  throughout  the 
piny  woods  or  the  cultivated  fields  of  this  section  is  to  be  seen  a  super- 
ficial covering  or  veneer  of  fine  sand,  which  at  some  points  attains  a 
thickness  of  2  feet  or  more.  This  sand  corresponds  probably  to 
McGee's  Columbia  formation,  as  it  lies  directly  upon  the  orange  and 
reddish  Lafayette  clays. 

The  Lafayette  clays,  which  are  well  exposed  in  numerous  cuts  along 
the  Coast  Line  Railroad  both  east  and  west  of  Quitman,  are  usually 
stratified  below  and  massive  above.  On  the  more  elevated  lands  they 
attain  a  thickness  of  many  feet,  but  along  the  larger  streams  they  have 
been  partially  or  wholly  removed  by  erosion  so  as  to  expose  under- 
lying clays  which  at  certain  points  along  Withlacoochee  River, 
notably  at  Mclntyre  Spring,  contain  large  masses  of  coral.  These 
lower  clays  are  probably  Miocene,  and  belong,  no  doubt,  to  Langdon's 
Chattahoochee  group. 

Beneath  these  Miocene  clays  there  is  a  thick  limestone,  which  is  the 
source  of  the  water  supply  of  all  the  deep  wells  at  Quitman,  Boston, 
and  Valdosta.  This  limestone  seems  to  belong  to  Conrad's  Vicksburg 
group,  which,  according  to  Dall,  forms  the  lowest  member  of  the 
Oligoeene  beds  in  the  southern  Tertiary  series.  As  is  shown  by  sam- 
ples of  borings  from  deep  wells,  this  rock  is  somewhat  variable  in 
character,  but  seems  to  consist  largely  of  thick  beds  of  comminuted 
shells  and  corals  interlaminated  with  layers  of  hard,  compact  lime- 
stone. The  upper  beds  of  this  limestone  appear  to  be  cavernous, 
for  cavities,  shown  by  the  dropping  of  the  drill,  are  frequently  found 
in  it  in  the  deep  wells  throughout  the  region.  These  cavities  are  said 
to  vary  in  depth  from  3  to  1>  feet,  and  are  always  filled  with  water  hav- 
ing a  static  head  that  is  40  feet  or  more  higher  than  the  point  at  which 
the  cavities  are  struck. 

The  order  of  occurrence  and  the  approximate  thickness  of  these 
several  formations  are  shown  in  the  section  of  the  Russell  Pond  well, 
a>)Ove  given.  The  Boston  and  the  Quitman  wells  also  show  similar 
sections.  The  dip  of  the  formations  is  supposed  to  be  toward  the 
south  at  a  few  feet  per  mile. 

DESCRIPTION   OF  EXPERIMENT. 

The  chlorine  method  of  tracing  underground  streams,  as  carried 
out  in  the  Quitman  experiment,  was  adopted  at  the  suggestion  of 
Prof.  C.  S.  Slichter,  consulting  engineer  of  the  United  States  Geo- 
logical Survey. 
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A  reconnaissance  topographic  survey  of  the  region  surround  in  jr 
Quitman  was  made,  with  the  view  of  finding  all  springs  and  wells  whos*** 
waters  stood  at  a  lower  level  than  the  water  in  the  Russell  Pond  well, 
where  the  salt  was  to  be  introduced,  altitudes  being  determined  bv 
aneroid  barometer.  From  all  such  springs  samples  of  water  were 
collected  for  determination  of  the  amount  of  chlorine  present.  Ekch 
of  the  springs  and  wells  thus  sampled  was  made  a  station  from  which, 
at  regular  intervals,  samples  of  water  were  collected  by  obser\^ers  who 
were  advised  how  and  when  to  collect  samples.  The  various  stations 
having  been  established  and  samples  collected  for  the  determination 
of  the  normal  amount  of  chlorine  contained  in  the  waters,  2  tons  of 
salt  (sodium  chloride)  were  introduced  into  the  Russell  Pond  well. 
The  salt  was  put  into  the  well  in  the  form  of  solution,  its  introduction 
beginning  at  8  a.  m.  October  15,  and  continuing  until  8  p.  m.  October 
20.  The  first  ton  of  salt  put  into  the  well  was  introduced  continuously 
for  twelve  hours  at  the  rate  of  166|  pounds  an  hour,  while  the  second 
ton  was  put  into  the  well  continuously  for  one  hundred  and  twenty 
hours,  or  five  da3's,  at  the  rate  of  16f  pounds  an  hour. 

In  order  to  introduce  the  salt  into  the  well  at  the  above  rate  and 
also  to  insure  as  complete  saturation  of  the  water  as  possible,  five 
50-gallon  barrels  were  set  about  20  inches  apart  upon  a  level  platform 
at  the  well  and  connected  with  one  another  by  pieces  of  2-inch  iron 
pipe,  firmly  screwed  into  the  barrels  by  right  and  left  screws  cut  on 
their  opposite  ends.  The  iron  pipe  was  inserted  into  the  barrel  near- 
est the  well  about  2  inches  from  the  bottom,  while  the  pipe  between 
each  succeeding  barrel  was  elevated  about  4  inches,  so  that  the  one 
uniting  the  last  two  barrels  entered  them  about  halfwa}'  up.  When 
everything  was  in  readiness  for  the  experiment  to  begin,  each  barrel 
was  filled  with  salt  up  to  the  point  at  which  the  outflow  pipe  entere*! 
it.  The  water  was  then  turned  into  the  barrel  farthest  from  the 
well  through  a  hydrant  connected  with  the  public  water  supply.  A> 
the  water  rose  in  this  barrel  to  the  point  of  entrance  of  the  pij>e  it 
flowed  into  the  next  barrel,  and  so  on  until  the  entire  chain  of  barrels 
was  filled.  The  water  now  being  more  or  less  completely  saturated, 
having  flowed  over  the  salt  in  the  bottom  of  each  barrel,  was  turned 
into  the  well  through  a  stopcock  so  adjusted  as  to  deliver  the  desired 
amount  of  water  per  minute.  By  a  nice  adjustment  of  the  stopcock 
at  the  well  and  of  that  at  the  hydrant  it  was  found  that  this  plan  of 
delivering  a  given  amount  of  brine  to  the  well  in  a  stated  time  was 
practically  automatic,  the  attendant  having  nothing  to  do  except  to 
keep  the  bottoms  of  the  barrels  supplied  with  salt. 

DESCRIPTION    OF   STATIONS. 

The  stations  from  which  water  was  collected  were  seven  in  number 
and  are  described  below.  Their  locations  are  shown  by  the  sket<'h 
map  (fig.  16). 
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titatvm.  No.  L — The  station  is  the  well  at  the  pul^lic  waterworks, 
1,000  feet  northeast  of  the  Russell  Pond  well.  The  well  is  821  feet 
deep  and  supplies  the  town  with  water.  It  is  rased  with  8-inch  casing 
to  122  feet,  only  a  short  distance  above  the  first  water-l>earing  stratum. 
Within  the  8-inch  casing  is  inserted  a  4i-inch  casing  which  extends 
from  the  surface  to  a  depth  of  809  feet,  at  which  jwint  it  was  driven 
securely  into  a  hard  rock  so  as  to  form  what  was  supposed  to  be  a 
water-tight  joint,  cutting  off  all  the  water  from  the  123-foot  water- 
bearing stratum  above.  The  town  water  supply  is  pumped  through 
this  4i-inch  casing  from  the  second  water-bearing  stratum,  811  feet 
below  the  surface.  The  second  water-bearing  stratum  has  a  static 
head  21  feet  greater  than  that  of  the  first  stratum.  Nevertheless,  it 
was  thought  that  in  case  the  4i-inch  casing  was  not  absolutely  water- 
tight at  the  point  where  it  was  driven  into  the  rock,  continuous  pump- 
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Fxa.  16.— Sketch  map  showing  location  of  Quitman  experiment. 

ing  might  lower  the  static  head  of  the  water  from  the  second  stratum 
suflSciently  to  set  up  a  current  from  the  stratum  above,  in  which  event 
sewage  poured  into  the  upper  stratum  would  contaminate  the  lower. 

8tatim  No.  ^.— This  is  the  "Old  City  well,"  1,500  feet  northeast  of 
the  Russell  Pond  well.  The  well  used  for  this  station  is  500  feet  deep, 
and  was  completed  in  1884.  It  was  originally  cased  to  a  point  some 
distance  below  the  first  water-bearing  stratum,  but  its  lower  part  becom- 
ing obstructed  by  sand  or  some  other  material,  the  6-inch  casing  was 
burst  by  an  explosive  at  the  first  water-bearing  stratum,  in  order  to 
obtain  water  for  public  use.  While  the  experiment  here  reported  was 
being  carried  on,  this  well,  w^hich  had  not  been  in  use  for  some  months, 
was  connected  with  the  pumps  at  the  waterworks  station,  so  that  the 
water  might  l)e  procured  at  regular  intervals. 

Station  No.  3. — ^This  is  the  Oglesby  well,  located  at  the  Oglesby 
Mills,  three-fourths  of  a  mile  northwest  of  Quitman.     This  well  was 
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completed  in  May,  1903,  and  is  only  92  feet  deep.  It  is  6  inches  in 
diameter  and  is  cased  to  78  feet.  The  water-bearing  stratum  was 
struck  at  87  feet,  at  which  point,  it  is  said,  the  drill  dropped  into  a 
cavity  4  feet  in  depth  and  immediately  thereafter  the  water  rose  to 
within  48  feet  of  the  surface.  It  will  here  be  noted  that  the  water- 
bearing stratum  in  theOglesby  well  is  much  nearer  the  surface  than 
the  first  water-bearing  stratum  Encountered  in  the  wells  within  the 
corporate  limits  of  Quitman,  and  also  that  the  static  head  of  the  water 
is  nearer  the  surface.  This  diflFerence,  however,  is  due  entirely  to  the 
fact  that  the  ground  at  this  point  is  lower  than  that  at  neighboring 
wells,  and  not,  as  might  be  supposed,  to  the  occurrence  of  a  different 
water-bearing  stratum. 

Station  No.  4" — ^This  station  was  established  at  Blue  Spring,  near 
the  right  bank  of  the  Withlacoochee  River,  6  miles  east  of  Quitman. 
By  aneroid  measurement  the  spring  was  found  to  be  about  on  a  level 
with  the  static  head  of  the  water  in  the  Russell  Pond  well,  so  that  it 
seemed  to  be  a  possible  outlet  for  the  supposed  underground  stream 
into  which  the  salt  was  introduced.  At  the  time  the  samples  were 
collected  Blue  Spring  was  flowing  about  15,000,000  gallons  in  twenty- 
four  hours.  It  was  learned,  however,  that  at  one  time  during  an 
extremely  dry  season,  several  years  ago,  the  spring  entirely  ceased 
flowing. 

Station  No.  5. — This  is  Mclntyre  Spring,  about  15  miles  southeast 
of  Quitman,  only  a  short  distance  from  the  Georgia-Florida  State  line. 
The  spring  is  located  partially  in  the  Withlacoochee  River  and  appears 
to  furnish  a  much  greater  volume  of  water  than  Blue  Spring.  Owing 
to  the  great  distance  of  this  spring  from  Quitman  it  was  found  imprac- 
ticable to  determine  its  elevation  by  aneroid  barometer,  but  judging 
from  the  fall  of  the  river  it  must  be  several  feet  below  Blue  Spring. 
A  flood  in  the  river  during  the  time  the  samples  were  being  collected 
submerged  Mclntyre  Spring  for  some  time,  so  that  only  a  limited 
num})er  of  samples  were  procured  from  this  station. 

Station  No.  6. — This  is  a  deep  well  at  Boston,  Thomas  County, 
14  miles  west  of  Quitman.  The  Boston  well  has  a  depth  of  290  feet 
and  was  completed  .in  June,  1900.  It  is  reported  that  three  water- 
bearing strata  were  penetrated  in  this  well,  at  120,  100,  and  il^^  feet. 
The  static  head  of  the  water  in  the  third  water-bearing  stmtum  is  said 
to  be  69  feet  above  sea  level,  which  is  70  feet  below  the  static  head  of 
the  water  in  the  Russell  Pond  well. 

Station  No.  7. — This  station  is  one  of  the  deep  wells  at  Valdosta,  17 
miles  east  of  Quitman.  The  well  from  which  the  samples  were  taken 
at  Valdosta  was  the  8-inch  well,  now  used  to  supply  the  city  water- 
works. This  well  is  500  feet  deep,  but  its  main  water  supply  is  said 
to  come  from  a  stiatum  at  a  depth  of  260  feet,  where  the  drill  i> 
reported  to  have  entered  a  cavity  4  feet  in  depth.     The  static  head  of 
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the  water  now  in  this  well  in  105  feet  above  sea  level,  which  in  24  feet 
below  the  static  head  of  the  water  in  the  Russell  Pond  well. 

Additional  station. — In  addition  to  the  stations  here  described  there 
was  also  one  kept  up  for  a  short  time  at  the  Quitman  cotton  factory; 
but,  as  the  well  was  afterwards  found  not  to  be  of  sufficient  depth  to 
reach  the  water-bearing  stratum  into  which  the  salt  was  introduced, 
it  has  been  omitted  in  the  tables  and  on  the  diagrams  showing  the 
variation  of  chlorine  in  the  samples  of  water  collected  at  the  various 
stations. 

SAMPLES  OF  WATER  TAKEN. 

The  time  at  which  the  samples  of  water  were  taken  at  each  station, 
the  intervals  between  samples,  and  the  number  of  samples  themselves 
are  shown  in  the  following  table: 

Placey  time^  and  number  of  samples  of  water  taken. 


Stations. 


Date  of  flrst  sample. 


No. 
No. 
No. 


1. 
2. 
8. 


No.  4 


So, 
No. 
No. 


5. 
6. 


Oct.  15, 12  noon 

do 

Oct.  15,4  p.  m.. 
Oct,  16,6  a.  m.. 
Oct.  19,6  a.  ro.. 
Oct.  19,8  a.  m.. 
do 


In  terra]  be- 
tween 
samples. 


No. 


H<mr$. 
4 

4 

8 

12 

24 

24 

24 


36 
31 
30 
40 
«11 
&16 
31 


a  Full  number  of  samples  not  collected  on  account  of  high  water. 
b  Fourteen  samples  lost  by  breakage  in  shipment. 

CORRELATION   OF  WATER-BEARINO   STRATA. 

In  regard  to  the  different  water-bearing  strata  above  noted  in  the 
Valdosta  and  Boston  wells  it  might  be  stated  that  it  was  found  impos- 
sible, with  the  meager  data  at  hand,  to  correlate  any  of  them  with  the 
water-bearing  stratum  in  the  Russell  Pond  well.  In  the  absence  of 
other  data,  an  attempt  was  made  to  correlate  the  strata  by  means  of 
(^hemical  analyses  of  the  water,  but  the  results  were  unsatisfactory. 

While  it  does  not  seem  possible  at  present  to  correlate  any  of  the 
strata  with  the  Quitman  stratum,  into  which  the  salt  was  introduced, 
there  is  but  little  doubt  that  they  all  occur  in  the  Vicksburg  lime- 
stone. Furthermore,  as  previously  noted,  the  static  head  of  the  water 
in  the  Valdosta  and  Boston  wells  is  greater  than  the  static  head  of  the 
water  in  the  Quitman  well  by  24  and  69  feet,  respectively.  This 
would  seem  to  indicate  that  the  water-bearing  strata  are  not  continu- 
ous throughout  the  entire  region,  or  that  there  is  a  flow  converging 
toward  Quitman,  a  condition  not  probable. 
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RESULTS. 

Station  No.  1. — ^The  normal  chlorine  in  the  waterworks  well  wat 
determined  as  5.44  parts  per  1,000,000.  Four  hours  after  the  intro- 
duction of  the  salt  in  the  Russell  Pond  well  the  amount  of  chlorine  in 
the  water,  as  shown  by  the  samples,  began  to  increase,  reaching  a 
maximum  of  6.80  at  8  p.  m.  October  15,  or  twelve  hours  after  the 
introduction  of  the  salt.  From  this  time  on  the  water  continued  to 
show  excess  of  chlorine  in  varying  quantities  for  about  five  days,  or 
as  long  as  the  salt  water  was  poured  in  at  the  other  well,  finally  sub- 
siding to  its  normal  amount  on  October  21. 

Station  No,  2, — ^The  nonnal  chlorine  in  the  old  Waterworks  well 
appears  to  be  5.44,  although  a  sample  taken  just  before  the  experiment 
showed  6.12.  The  chlorine  content  of  the  water  of  this  well  began  to 
rise  within  four  hours  after  the  insertion  of  the  salt,  reaching  h  maxi- 
mum of  6.97  at  8  p.  m.  on  October  15,  from  which  time  it  gradually 
declined,  with  several  fluctuations,  until  8  p.  m.  October  19,  after 
which  it  remained  constant  until  October  21,  at  its  normal  amount. 

Station  No.  3. — The  normal  chlorine  in  the  Oglesb}'  well  is  5.44. 
The  water  of  this  well  was  examined  at  intervals  from  October  15  to 
October  29.  From  October  15  to  October  21  there  were  some  fluctua- 
tions in  the  amount  of  chlorine,  which,  however,  appear  to  have  no 
relation  to  the  introduction  of  the  salt  in  the  Russell  Pond  well.  At 
12  p.  m.  on  October  21  a  decided  rise  was  noticed,  which  continued 
until  4  p.  m.  October  22,  when  it  reached  a  maximum  of  6.46.  It 
remained  at  this  point  until  12  p.  m.  of  the  same  day,  after  which 
it  declined  gradually,  though  with  some  fluctuations,  until  12  p,  ni. 
October  26,  when  the  normal  was  again  reached. 

Station  No.  4,. — The  normal  chlorine  at  Blue  Spring  appears  to  be 
5.78  parts  per  1,000,000.  Tests  were  conducted  from  October  16  to 
November  4,  but  no  variations  in  the  amount  of  chlorine  which  could 
be  attributed  to  the  salt  inserted  at  Quitman  were  oliserved. 

Station  No.  5. — The  normal  chlorine  at  Mclntyre  Spring  is  5.78,  the 
same  as  at  Blue  Spring.  Samples  were  taken  from  October  19  to 
November  6,  but  no  variations  in  the  amount  of  chlorine  referable  to 
the  introduction  of  salt  at  Quitman  were  noted. 

Station  No.  6. — The  normal  chlorine  in  the  Boston  well  appears  to  l)o 
6.80,  and  no  persistent  variations  were  observed  during  the  intenal 
from  October  19  to  November  24, 

Station  No.  7. — The  normal  chlorine  in  the  Valdosta  well  is  5.44.  No 
variations  due  to  the  insertion  of  salt  at  Quitman  were  noted. 

From  the  preceding  it  will  be  noted  that  only  three  stations — namely, 
the  Waterworks  well,  the  Old  City  well,  and  the  Oglesby  well — show 
variations  which  can  with  any  degree  of  certainty  be  attributed  to  the 
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effect  of  salt  introduced  in  the  Russell  Pond  well.  It  will  be  ob»erved 
that  the  maximum  amount  of  chlorine  in  the  two  wells  first  named 
occurred  at  8  p.  m.  October  15,  just  twelve  hours  after  the  first  intro- 
duction of  salt  into  the  well.  As  both  of  these  wells  are  within  a  short 
distance  of  the  Russell  Pond  well,  this  result  would  naturally  be  ex- 
X>ected;  yet  at  the  same  time  it  is  difficult  to  explain  how  the  salt  made 
it8  appearance  in  the  Waterworks  well,  as  it  obtains  its  supply  from  a 
water-bearing  stratum  that  lies  200  feet  below  the  one  into  which  the 
salt  was  introduced.  It  was  surmised  that  the  casing  cutting  off  the 
upper  water-bearing  stratum  from  the  one  below  did  not  form  a  water- 
tight joint  at  the  point  where  it  was  driven  into  the  rock,  but  allowed 
the  water  to  flow  downward  when  the  pump  was  in  action.  In  order 
to  determine  whether  this  supposition  was  true  or  not,  the  following 
test  was  made:  The  pump  was  started  and  run  for  a  few  minutes 
when  a  sample  of  the  water  was  taken  to  determine  the  normal  amount 
of  chlorin  present.  There  was  then  introduced  through  the  8-inch 
casing  into  the  upper  water-bearing  stratum  15  pounds  of  salt  in  solu- 
tion, and  the  pump  was  again  started  and  run  continuously  for  a  half 
hour.  During  the  time  the  pump  was  in  operation  samples  were  taken 
every  five  minutes.  Analyses  of  these  samples  showed  no  increase  of 
chlorine,  demonstrating  that  the  salt  had  not  reached  the  second  water- 
bearing stratum  by  the  way  of  the  suspected  joint  at  the  lower  end  of 
the  4i-inch  casing  elsewhere  described.  This  test  seemed*  to  show  that 
the  chlorine  in  the  original  experiment  did  not  reach  the  water  in  the 
second  stratum  by  the  way  of  any  defect  of  the  joint  at  the  end  of  the 
4i-inch  casing.  The  test,  however,  can  hardly  be  considered  conclu- 
sive, owing  to  the  small  amount  of  salt  used  and  the  limited  time  the 
pump  was  operated  after  the  salt  was  introduced.  It  is  ver}'^  probable 
that  if  the  amount  of  salt  had  been  larger  and  the  samples  had  been 
taken  at  longer  intervals,  the  presence  of  the  salt  would  have  been 
detected. 

In  regard  to  the  Oglesby  well  it  will  be  noticed  that  the  salt  was 
transmitted  in  a  northwesterly  direction,  notwithstanding  the  fact  that 
the  general  flow  of  underground  waters  of  the  region  is  supposed  to 
be  southward  rather  than  northwestward. 

In  addition  to  the  variation  in  the  amount  of  chlorine  here  explained 
as  probably  due  to  the  presence  of  the  salt  introduced  into  the  Russell 
Pond  well,  there  are  also  other  variations  which,  with  one  exception, 
are  unexplained.  The  exception  referred  to  occurred  at  the  old  City 
Waterworks  well.  The  diagram  for  this  well  shows  that  the  amount 
of  chlorine  in  the  sample  taken  before  the  experiment  was  much 
higher  than  the  normal.  This  was  probably  due  to  the  presence  of 
surface  waters  which  had  reached  the  water-bearing  stratum  below 
through  the  defective  casing. 
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CONCLUSIONS. 

From  tbe  notes  above  given  on  the  Quitman  experiment  the  following 
conclusions  may  be  drawn: 

1.  The  so-called  underground  stream,  in  the  ordinary  meaning  of 
that  term,  does  not  exist  in  the  wells  investigated. 

2.  The  water,  which  has  a  motion  of  probably  not  over  200  feet  per 
hour,  occurs  in  a  porous,  cavernous  limestone,  several  feet  in  thicknes.s. 

3.  Sewage  introduced  into  the  first  water-bearing  stratum  will  con- 
taminate all  of  the  wells  in  the  vicinity  that  attain  a  depth  of  120  feet 
or  more. 

4.  The  upper  water-bearing  stratum  in  the  Waterworks  well  is  not 
completely  cut  oflF  from  the  water-bearing  stratum  below,  so  that  the 
water  from  the  lower  stratum  is  likely  to  be  contaminated  from  the 
stratum  above. 


THE  NEW  ARTESIAN  WATER  SUPPLY  AT 

ITHACA,  N.  Y. 


By  Francis  L.  Whitney. 


The  obje<'t  of  this  paper  is  to  call  attention  to  steps  taken  at  Ithaca 
to  obttiin  a  pure  water  supply  from  underground  sources  after  the 
pollution  of  the  surface  sources  had  given  rise  to  a  severe  typhoid 
epidemic.  The  conditions  existing  at  Ithaca,  as  regards  underground 
waters,  are  probably  duplicated  at  many  points  in  New  York,  New 
England,  and  elsewhere,  and  attention  is  called  to  the  possibility, 
under  favorable  conditions,  of  procuring  adequate  supplies,  even  for 
towns  or  cities  of  some  size,  from  the  glacial  gravels  of  the  deeply 
filled  valleys  of  these  regions.  Such  supplies  may  not  alwa3\s  be 
available,  but  the  possibility  that  they  ma}'^  be  procured  can  usually  be 
determined  by  a  few  inexpensive  test  wells. 

FACTORS  LEADING  TO  CHANGE   OF   SUPPLY. 

Old  water  supply. — Up  to  the  early  part  of  1903  the  city  of  Ithaca 
obtained  the  larger  part  of  its  water  supply  from  Sixmile  Creek,  a 
stream  entering  Cayuga  Lake  from  the  southeast  at  Ithaca.  The 
pumping  station  was  located  in  the  outskirts  of  the  city,  on  the  south- 
east side.  The  creek  is  between  15  and  20  miles  long.  In  general  its 
drainage  area  is  thinly  populated,  but  two  towns  having  an  aggregate 
population  of  several  hundred  inhabitants,  are  located  directly  on  the 
stream,  which,  in  fact,  receives  all  the  drainage  from  them. 

An  additional  water  supply  was  obtained  at  Buttermilk  Falls,  on  a 
small  creek  about  1^  miles  south  of  Ithaca.  There  are  very  few  houses 
in  its  drainage  area. 

Cornell  University  derives  its  supply  from  Fall  Creek,  a  stream  that 
empties  into  Cayuga  Lake  at  its  south  end. 

Typ}u>ld  epidf'Jiiic, — It  had  long  been  recognized  that  these  waters, 
especially  that  of  Sixmile  Oeek,  were  liable  to  pollution,  and  precau- 
tionary systematic  examinations  of  the  water  were  made  from  time  to 
time.  These  anal^^ses  were  made  by  Prof.  E.  M.  Chamot,  of  Cornell 
University.  Some  diflicultv  existed  in  the  interpretation  of  the  analy- 
ses, because  of   the  fact  that  a  number  of  flowing  salt  wells  were 
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tributary  to  the  stream,  so  that  it  was  not  passible  to  determiiio  what 
part,  if  any,  of  the  chlorine  that  the  water  contained  was  diit*  to  sewt^^* 
or  similar  pollution. 

The  water  gave  general  satisfaction  until  about  the  beginning  of 
1903,  when  an  exceptionally  severe  epidemic  of  typhoid  fever  broke 
out  in  the  city.  Hundreds  of  residents,  including  man}^  students  of 
Cornell  University,  were  stricken,  and  the  percentage  of  deaths  was 
very  high.  The  public  was  thoroughly  aroused  to  the  necessity  of 
taking  immediate  and  I'adical  steps  for  determining  the  cause  of  the 
epidemic  and  for  furnishing  a  new  water  supply,  provided  the  source 
of  danger  was  found  to  lie  in  the  old  supply. 

It  was  found  that  the  city  supply  from  Buttermilk  Falls  and  the 
college  supply  from  Fall  Creek  were  unpolluted.  Sixmile  Creek,  on 
the  contrary,  was  proved  to  be  highl}'  polluted,  and  it  was  seen  that 
this  was  the  probable  cause  of  the  epidemic. 

Prapmed  darti  an  Sixniih  Creek, — During  1902  the  Waterworks 
Company  began  the  erection  of  a  high  dam  on  Sixmile  Creek,  in  order 
to  provide  a  supplementary  source  of  supply.  The  dam  was  desig-ned 
to  be  90  feet  high  and  100  feet  wide.  Many  of  the  citizens  of  the 
town  and  some  experts  considered  the  dam  unsafe  and  vigorous  pro- 
tests were  made.  The  protests  were,  however,  without  result,  and 
the  company  continued  the  work  of  construction.  The  feeling  against 
the  company  became  very  strong  and  was  doubtless  a  factor  in  Uie 
controversy  which  arose  over  the  question  of  securing  artesian  water. 

Action  of  vMter  coniiniss-loners. — On  February  16,  1903,  the  water 
commissioners  met  and  discussed  the  feasibility  of  installing  a  tiltra- 
tion  plant.  The  plan  was  proposed  by  President  Schurman,  of  the 
university.  Prof.  E.  M.  Chamot  testified  that  such  a  plant  would 
not  act  as  a  perfect  sterilizer,  although  if  properly  constructed  and 
controlled  it  would  remove  98  to  99  per  cent  of  the  bacteria.  The 
plan  received  little  support. 

Commissioner  Horton  called  attention  to  the  expense  of  filtering 
and  the  ease  with  which  a  company  can  furnish,  without  detection, 
unfiltered  water,  and  advocated  artesian  wells  as  a  source  of  supply. 
It  was  thought  that  such  wells  could  be  obtained  within  a  I'adius  of 
10  miles  of  the  city. 

It  was  urged  by  Professor  Chamot  that  most  of  the  artesian-well 
water  of  the  localit}'^  was  too  hard  for  household  purposes,  but  that  it 
could  be  used  in  boilers,  as  attested  by  the  fact  that  it  had  for  eight 
years  been  used  in  those  at  the  salt  plant  without  bad  effects.  A 
further  objection  to  the  use  of  artesian  wells  lay  in  the  fact  that  the 
city  might  be  liable  for  damages  resulting  from  the  loss  of  vrater 
in  adjacent  wells.  The  drilling  of  test  wells,  the  effect  of  which  it 
was  proposed  to  observe  carefully,  was  advised  as  a  precautionary 
measure. 
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Actlfm  of  comintpii  nmndL  —At  a  meeting  of  the  common  council 
tnirly  in  the  year  President  Schurman  urged  immediati*  efforts  to 
obtain  un(*ontaniinated  supplies,  .stating  that  it  would  become  neces- 
sary to  close  the  university  unless  a  satisfactory  supply  was  obtained 
by  September  1,  1908.  He  reported  that  the  executive  committee 
and  a  number  of  trustees  of  the  university  had  considered  the  advisa- 
bility of  sinking  artesian  wells,  and  had  reported  that  it  would 
probably  not  be  possible  to  obtain  from  such  wells  the  2,000,000  gal- 
lons of  water  consumed  daily  by  the  city.  In  consideration  of  the 
necessity  of  obtaining  pure  supplies  by  September  1,  it  was  recom- 
mended that  the  filtration  plant  be  installed.  This  proposition  was 
adopted  bj^  the  couni*il,  but  it  was  decided,  before  proceeding  further, 
to  submit  the  subject  to  the  referendum  of  the  people.  A  special 
election  was  ordered,  to  take  place  on  March  2,  to  determine  whether 
the  city  should  undertake  the  ownership  of  its  water  supply.  This 
election  resulted  in  favor  of  municipal  ownei'ship. 

Aetian  of  committee  of  one  hundred. — Following  the  election  a  com- 
mittee of  one  hundred  was  appointed  from  among  the  representative 
men  of  the  city  which  agreed  to  subscribe  to  the  amount  of  $10,000  or 
more  toward  procuring  an  immediate  pure  supply^  and  for  conducting 
experiments  to  determine  the  probability  of  a  permanent  supply  of 
artesian  water  from  the  Freeville  basin.  The  Fourth  street  test  well, 
described  on  a  subsequent  page,  was  sunk  by  this  committee. 

FREEVILLE  ARTESIAN  BASIN. 

The  Freeville  basin  is  a  portion  of  the  deep,  gravel-filled  valley  of 
Fall  Creek  lying  in  the  vicinity  of  Freeville,  about  10  miles  northeast 
of  Ithaca.  The  watershed  contributing  to  the  basin  covers  75  square 
mUes,  while  the  basin  proper  has  an  area  of  from  15  to  25  square  miles. 
It  was  estimated  that  10,000,000  gallons  of  water  daily  could  be 
obtained  from  this  basin,  although  the  nature  of  the  material  and  the 
slope  of  the  hydraulic  gi-ade,  or  underground  water  surface,  was  prac- 
tically unknown.  Ifecause  of  the  lack  of  definite  information  in  regard 
to  the  basin  and  its  distance  from  the  city  the  project  of  obtaining 
w^ater  supply  from  it  was  finall}^  abandoned. 

ITHACA    ARTESIAN    BASIN. 

Attention  was  then  directed  to  the  valle}'  in  which  the  city  of  Ithaca 
lies.  An  examination  of  the  geology  of  the  region  showed  that  because 
of  the  slope  of  the  rocks  to  the  south,  while  their  outcrop  was  at  a 
lower  level  to  the  north,  they  could  not  be  expected  to  yield  flowing 
water.  The  fineness  of  the  texture  of  the  rocks  is  also  such  that  their 
water-holding  capa<*ity  is  small. 
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The  conditions  for  a  supply  from  the  gravels  filling  the  valley, 
however,  are  much  more  favorable.  Such  wells  as  had  been  drilleil 
obtained  considerable  supplies,  and  it  appeared  probable  that  with 
additional  wells  a  supply  sufficient  to  meet  the  needs  of  the  city  could 
be  obtained. 

The  underground  water  of  the  region  is  probably  derived  by  absorp- 
tion from  the  waters  brought  in  from  the  south  by  Coy  Glen,  Butter- 
milk Creek,  Enfield  Greek,  and  other  streams  tributary  to  the  main 
valley  occupied  hj  Cayuga  inlet.  Cayuga  Lake  will  apparently  have 
little  bearing  on  the  water  supplies  of  the  gravels,  its  surface  beincr 
considerably  lower  than  the  mouth  of  the  wells.  Prof.  G.  D.  Harris 
suggested  the  use  of  screens  adjusted  in  the  casing  of  the  wells  at  ench 
water  bed  in  order  that  all  producing  horizons  might  be  drawn  upon. 

It  was  not  regarded  as  essential  to  the  success  of  the  artesian  supply 
that  the  wells  should  actually  flow,  it  making  very  little  diflTerence  in 
the  cost  of  distribution  whether  the  water  stood  a  few  feet  above  or  a 
few  feet  below  the  surface.  Jamestown,  in  western  New  York,  is  sup- 
plied with  water  from  a  deeply  gravel-filled  channel.  At  the  stsLtt  the 
wells  rose  perhaps  25  feet  above  the  surface,  but  as  more  wells  have 
been  sunk  into  the  water-bearing  gravels  and  a  considerable  supply 
drawn  from  them  the  old  wells  have  ceased  to  flow,  all  the  larger  wells 
being  connected  with  powerful  steam  pumps. 

It  was  conceded  that  the  water  supply  of  Cayuga  inlet  valley  would 
easily  supply  Ithaca  proper,  while  if  necessary  the  univ^ersity  and  por- 
tions of  the  city  in  its  vicinity  could  be  supplied  by  Fall  Creek. 

WELLS  IN  THE   ITHACA  BASIN. 

TTie  Illsto7i  well. — The  Illston  well,  which  is  about  287  feet  deep, 
was  sunk  by  Mr.  Illston  for  the  purpose  of  obtaining  pure  water  for 
the  manufacture  of  ice.  After  much  labor  and  expense  he  succeeded 
in  obtaining  a  well  which  gjive  a  prcv^sure  of  about  13  pounds  per  square 
inch  and  a  temperature  of  54"^  F.  Tests  made  by  Mr.  E.  B.  Kay  on 
March  6, 1903,  showed  that,  with  the  pipe  S  feet  above  groimd,  403,14^ 
gallons  of  water  ran  from  the  well  daily,  the  test  being  made  with  a 
weir  after  the  well  had  run  freely  for  one  hour.  Mr.  Kay  estimated 
that  had  the  test  been  made  at  the  surface  of  the  ground  the  result 
would  have  been  more  than  425,000  gallons.  By  the  use  of  an  air  lift 
or  other  pump  the  capacity  would  probably  be  increased  at  least  5(» 
per  cent,  and  it  is  not  impossible  that  1,000,000  gallons  daily  might 
be  procured  from  this  well  alone.  A  second  test,  made  March  8,  after 
the  well  had  flowed  twenty-four  hours,  showed  an  output  of  405,00l> 
gallons  a  day.  The  flow  was  even  stronger  than  in  the  former  test. 
Records  at  the  Cornell  chemical  laboratories  show  that  the  analysis  of 
water  from  this  well  is  as  follows: 
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Anahjmn  of  VHtier  from  Iiliit<m  ufU. 

I*arto  per 
million. 

Free  ammonia 0. 480 

Albuminoid  ammonia 0. 005 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates Trace. 

Oxygen  consumed 0. 644 

Chlorine  as  chlorides 61. 640 

Total  solid  residue 304.000 

Loss  of  solids  on  ignition 78. 000 

Comparative  analysas  made  by  Professor  Chamot  on  the  Illston  and 
other  waters  of  this  vicinity  showed  that  in  1,000,000  parts  the  Illston 
water  contained  309  parts  solid  matter;  Fall  Creek  water,  309  parts; 
Buttermilk  Creek  water,  200  parts;  springs  in  vicinity  of  the  city,  165 
to  200  parts;  city  well  water,  500  parts,  and  Forest  Home  well  water, 
(570  paits  per  million. 

From  the  analysis  it  appears  that  the  Illston  well  water  is  softer  than 
that  of  most  of  the  wells  and  springs  in  the  city  or  at  Forest  Home,  as 
soft  as  the  Fall  Creek  water,  and  almost  as  soft  as  Buttermilk  Creek 
water. 

Salt  well. — About  eight  years  ago  the  National  Salt  Company  began 
to  sink  its  first  well  to  the  salt  bed.  A  14-inch  hole  was  drilled.  For 
the  first  hundred  feet  the  drill  went  through  a  stratum  of  clay,  in  which 
no  water  was  found.  At  the  depth  of  100  feet  the  drill  broke  through 
the  clay  into  a  gravel  bed,  upon  which  the  hole  was  instantly  filled 
with  pure,  clear  water. 

After  going  through  the  gravel,  100  feet  beyond  the  water  vein,  the 
drill  was  brought  to  the  surface,  and  in  the  corner  of  the  derrick 
house  another  well,  this  one  6i  inches  in  diameter,  was  sunk  to  a  depth 
of  about  120  feet,  the  lower  20  feet  being  in  the  gravel.  The  water 
from  this  well  was  clear,  despite  the  fact  that  the  drill  had  ground  up 
the  gravel  and  had  created  a  condition  which,  naturally,  would  have 
caused  the  water  to  be  turbid.  A  third  well,  of  the  same  size  as  the 
last,  was  sunk,  and  then  the  drilling  of  the  first  and  deeper  well  was 
resumed.  After  the  completion  of  the  plant  a  pump  was  attached  to 
one  of  the  wells.  The  flow  was  so  copious  that  the  engine  was  shut 
off  to  half  its  power,  and  for  eight  years  only  a  small  part  of  the 
water  which  might  be  drawn  from  the  well  has  been  used,  although 
thousands  of  gallons  are  consumed  daily  at  the  plant. 

JFmirth  street  test  well. — With  the  belief  that  other  wells  sunk  in  this 
vicinity  would  prove  successful  a  test  well  was  bored  near  Fourth 
street.  This  well  was  readily  drilled  to  the  water-bearing  stratum, 
which  was  struck  at  the  depth  of  91  feet.  When  the  gravel  was 
reached  the  6-inch  pipe  was  quickly  filled  with  water.  Another  length 
of  pipe  was  then  added,  and  the  well  was  completed  at  a  depth  of  123 
feet,  with  32  feet  of  pipe  in  the  gravel. 
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This  well  was  then  tested  by  pumpinjif  for  several  hours  with  a  steam 
fire  engine.  Although  the  engine  was  worked  to  its  full  capacity-  there 
was  no  diminution  of  the  water  suppl\\  The  well,  however,  has  since 
become  choked  with  fine  sand,  which  has  gradually  tilled  the  screen. 
It  is  believed,  however,  that  if  properly  developed  it  maj^  a^fain  be 
made  to  yield  abundantly. 

Wd/s  drilled  fm'  temporary  supply, — Meanwhile  workmen,  under 
the  dii'ection  of  the  water  board,  were  drilling  several  wells  for  a 


Fig.  17.— Sketch  map  showing  location  of  temporary  supply  wells  near  Ithaca. 

temporary  supply.  These  wells  are  located  on  the  lowlands  in  the 
valley  of  Cayuga  Lake,  along  the  lines  of  the  Delaware,  Lackawanna, 
and  Western  Railroad  Company  and  the  Lehigh  Valley  Railroad  Com- 
pany, near  the  intersection  of  Clinton  street  with  the  railroads.  The 
lowlands  are  level  and  swampy,  being  only  about  3  feet  above  Cayuga 
Lake.  As  shown  by  the  accompanying  map  (fig.  17)  they  are  within  a 
few  feet  of  the  Illston  well,  south  of  the  city. 
The   wells   were  all   sunk  by   a   walking-beam   drill,   assisted   by 
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hydraulic  jet  to  remove  the  fine  sand  when  the  water-bearing  strata 
was  reached. 

Of  the  13  wells  put  down  by  the  board  only  3  are  dry,  2  ending 
in  black  shale,  the  others  in  fine  sand  and  gravel.  Many  have  an 
excellent  head,  those  nearest  the  Illston  well,  already  described,  having 
the  greatest.  One,  known  as  Strang  No.  3,  had,  at  the  time  of  boring, 
a  static  head  of  17i  pounds.  Some  of  the  wells  nevertheless  required 
developing,  and  were  opened  by  exploding  dynamite  at  their  bottoms, 
the  loosened  material  being  then  removed  by  washing.  In  the  Trapp 
well  over  30  pounds  of  dynamite  were  used  for  this  purpose. 

As  ab'eady  stated,  the  Illston  well  yields  with  an  air  lift  425,000 
gallons  daily.  The  wells  sunk  for  the  temporary  supply  draw  their 
water  from  the  same  source.  What  the  wells  will  yield,  however,  is 
not  yet  known,  although  it  had  been  found  that  the  water  in  the  vari- 
ous wells  is  affected  by  the  pumping  of  others  in  the  series.  The 
water  board  estimates  that  the  wells  when  pumped  will  have  a  capacity 
of  3,000,000  gallons  daily. 

GEOLOGY  OF  THE  SUPPLY. 

The  diagrammatic  sections  in  PI.  V,  together  with  the  written  records 
on  pages  64  to  66  indicate  the  manner  in  which  the  materials  are  dis- 
tributed in  the  different  wells.  It  will  be  seen  that  there  is  consider- 
able variation  in  the  upper  and  lower  portions  of  the  wells,  although 
a  certain  system  in  the  character  of  the  deposits  prevails.  At  the  top 
there  is  a  bed  of  mucky  clay  about  6  feet  thick.  Below  this  is  a  pure 
clay,  or  a  clay  containing  in  some  instances  considerable  ahiounts  of 
sand  or  gravel,  which  extends  to  a  depth  from  about  50  or  more  feet, 
beneath  which  is  from  20  to  50  feet  or  more  of  prevailingly  sandy  or 
gravelly  material,  in  which  some  clay  may  also  occur.  These  strata 
carry  water,  which  will  rise  to  within  about  10  feet  of  the  surface. 
None  of  this  water  is  admitted  to  the  wells,  but  is  cased  off  so  as 
to  avoid  any  possibility  of  contamination  from  surface  water.  The 
stratum  of  sand  and  gravel  last  mentioned  is  frequently  overlain  by 
logs  in  a  good  state  of  preservation,  which  the  drills  penetrate  with 
difficulty.  Underlying  the  gravel  and  sand  is  a  stratum  of  clay  that 
extends  to  depths  ranging  from  210  to  250  feet,  where  a  mixture  of 
gravel  and  clay  is  encountered  that  extends  downward  to  depths  vary- 
ing from  280  to  290  feet  below  the  surface.  The  lower  part  of  this 
stratum  was  in  many  cases  a  very  hard  and  compact  hardpan,  directly 
below  which  is  the  stratum  of  gravel  and  sand  from  which  the  supply 
of  water  is  drawn.  As  the  water  is  taken  only  from  this  stratum, 
which  lies  285  feet  below  the  surface  and  is  protected  by  a  great  thick- 
ness of  clay,  surface  pollution  becomes  practically  impossible. 

The  abundant  supply  can  be  attributed  to  the  general  conditions 
of  the  valley.     On  either  side  are  hills  attaining  a  height  of  about 
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1,00<)  feet  and  forming  an  immense  catchment  area.  Underneath  the 
drift  are  the  Portage,  Genesee,  and  Hamilton  shales,  and  other  rocks, 
dipping  southward.  The  slope  of  the  hiJls  being  nearly  at  right 
angles  to  the  dip  of  the  beds,  the  water  flows  downward  into  the 
valley  instead  of  percolating  through  the  underlying  rocks.  At  a 
distance  of  8  miles  south  of  the  city  the  floor  of  the  valley  is  about 
472  feet  higher  than  at  the  wells.  The  water  from  the  hills  of  this 
region  finds  its  way  into  the  gravel  and  sand  deposits  of  the  valley, 
and  by  these  is  cx)nveyed  toward  the  lake. 

Wells  drilled  outside  a  rather  definitely  limited  area  either  fail  to 
obtain  water  or  procure  only  small  supplies  with  little  head.  Wells 
drilled  along  a  certain  line,  however,  procure  water  under  considera- 
ble pressure.  The  facts  indicate  the  probable  presence  of  a  rather 
definite  and  limited  water  course  through  sand  and  gravel  overlain  by 
impervious  clays. 

WELL   RECORDS. 

The  sections  of  six  of  the  artesian  wells  in  the  vicinity  of  Itliaca 
have  been  given  in  PI.  V.  Below  are  given  records  of  a  number  of 
additional  wells. 

SOUTH  WELL. 


Material. 


Soil 

Blue  clay 

Clay 

Sandy  clay  and  wood 

Sandy  clay 

Gravel  and  clay 

Clav 

Clay  and  gravel 

Clay 

Randy  clay 

Sand 

Coarse  sand 

Coarse  to  fine  sand 

Coarse  sand;  struck  water 


Thick- 
ness. 

1  Depth  to 
base. 

Feet. 
5 

i 

S 

10 

10 

10 

10 

10 

65 

65 

5 

12 

20 

30 

40 

50 

60 

70 

i;i5 

200 

10 

10 

10 
•> 

210 

220 

230 

2:^2 

Located  1,500  feet  up  the  valley  from  Clinton  street,  Ithaca,  and  about  70  feet 
east  from  the  Delaware,  Lackawanna  and  Western  Railroad.  Authority,  Mr. 
Partridge. 
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MILLARD  WELL  NO.  2. 


Material. 


Clay 

Sand  and  gravel 
Quicksand 


Clay 

Clay  and  gravel , 

Quicksand 

Cemented  gravel 

Fine  sand  and  clay  mixed 

Hardpan 

1  bucket  coarse  gravel;  black  sand. 

Hardpan 

Struck  flowing  water 


STRANG  WELL  NO.  2. 


Thick-      Depth  to 
ness.  base. 


Feet. 


44 

31 

3 

123 

21 

18 

4 

7 

6 

1 

1 


Feet. 


44 
76 
78 
201 
222 
240 
244 
261 
257 
268 
269 
269 


Driven  with  plugged  pipe 

Fine  sand 

Clay 

Clay  with  large  stones 

Thin  clay 

Thin  clay  and  fine  sand 

Fine  sand 

3  or  4  buckets  of  sand  and  coarse  gravel. 

Fine  sand 

Clay  and  gravel,  hardpan 

Clay  and  gravel  with  large  stone 

Clay  and  gravel  with  streaks  of  fine  sand. 

Clay  and  sharp  blac:k  sand 

Clay,  fine  sand,  and  gravel 

Clay  and  black  sand 

Soft  black  shale  rock  and  sand 

Black  shale 

Dry  hole. 


STRANG  WELL  NO.  3. 


87 
10 
116 
22 
33 
11 
8. 

13 
7 
6 
3 

11 
1 
2 

12 

10 


87 
97 
213 
235 
268 
279 
287 

300 
307 
313 
316 
327 
328 
330 
342 
362 


Pipe  driven  with  end  plugged 

Log 

Clay  and  sand 

Clay 


Clay  and  sand 

Quicksand 

Black  sand  and  some  clay  and  fine  sand  mixed 

Do 

Stmck  water 


110 
2 
U 
47 
70 
19 
16 
5 


110 
112 
123 
170 
240 
269 
276 
280 
280 


IRR  110—06^ 
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STRANG  WELL  NO.  4. 


Material. 


Driven  with  plugged  pipe 

Clay  and  large  gravel 

Fine  sand 

CUy 

Hard  clav  and  stone 

Fine  sand 

Struck  water 


Thick- 

nefBiL 

f\reL 
110 

10 

10 

112 

6 

32 


I>epCfa  to 


110 
120 

im 

242 
248 

2S0 


STRANG  WELL  NO.  6. 


Driven  with  plugged  pipe. 

Clay  and  stone 

Fine  sand 

Clay 

Clay  and  stone 

Clay 

Gravel ;  struck  water 


108 

7 

8 

121 

12 

14 

6 


108 
115 
123 
244 

256 
270 
276 


PRESENT  CONDITIONS. 

The  total  number  of  wells  sunk  is  14,  of  which  two,  put  down  in  the 
first  prospecting,  are  at  such  a  distance  from  the  station  and  collecting 
well  as  to  make  it  impracticable  to  connect  with  them  on  account  of 
cost,  and  three  are  dry  or  nearly  dry.  The  remaining  nine  productive 
wells  vary  in  flow  from  50,000  gallons  to  430,000  gallons  each  per  day 
of  twenty-four  hours,  and  the  static  heads  vary  from  16  to  18  pounds. 

The  flow  is  collected  by  a  system  of  pipes  and  laterals  and  delivered 
to  a  circular  brick  cistern  or  well,  16  feet  in  diameter  and  18  feet  deep, 
where  any  gravel  or  sand  is  deposited,  so  that  it  may  not  reach  the 
pumps.  The  walls  of  the  collecting  well  are  17  inches  thick,  and  are 
made  water-tight  by  a  thick  wall  of  puddled  blue  clay  that  entirely  sur- 
rounds the  well  and  extends  from  the  surface  downward  to  a  depth  of 
6  feet,  reaching  the  stratum  of  clay  underlying  the  soil. 

In  the  meantime  the  waterworks  company  has  constructed  a  filtra- 
tion plant  of  the  mechanical  type,  from  which  those  who  are  willing 
to  take  real  or  fancied  filtered  water  obtain  their  supplies. 

For  a  permanent  supply  deep  wells  in  the  valley  of  Sixmile  Creek 
are  contemplated,  although  not  yet  decided  upon.  These  can  be  so 
located  that  the  water  may  be  distributed  by  a  gravity  system. 


DRILLED  WELLS  OF  THE  TRIASSIC  AREA  OF 

THE  CONNECTICUT  VALLEY. 


By  W.  H.  C.  Pynghon. 


INTRODUCTION. 

Ijycation  and  ^ayi.— The  Triassic  area,  so  called  from  the  fact  that 
it  is  underlain  by  rocks  of  Triassic  age,  is  the  lowland  belt  extending 
from  N  »w  Haven  in  a  direction  slightly  east  of  north  to  Northfield, 
Mass.,  not  far  from  the  New  Hampshire  line — a  distance  of  about  110 
miles  (fig.  18).  Its  width  at  New  Haven  is  about  3  miles.  To  the  north 
it  expands  until  at  the  Massachusetts  line  it  has  a  width  of  20  miles, 
from  which  it  gradually  declines  to  a  width  of  about  a  mile  at  its 
northern  end. 

It  is  an  area  of  soft  sandstones  and  shales,  with  occasional  trap  ridges, 
lying  in  a  broad  depression  between  harder,  more  or  less  crystalline 
rocks.  It  is  traversed  from  its  northern  end  southward  to  beyond 
Middletown  by  the  Connecticut  River  and  is  frequently  spoken  of  as 
the  Connecticut  Vallev  lowland. 

Geyieral  conditu/m, — The  sedimentary  rocks  of  the  Triassic  area  vary 
from  coarse  conglomerates  through  sandstone  to  tine  clay  shales,  inter- 
]>edded  with  which  are  thick  sheets  of  trap.  The  dip  is  a  little  south 
of  east  and  avei^ages  about  14  degrees.  The  rocks,  except  the  traps, 
are  porous,  holding  up  to  30  per  cent  of  their  own  volume  of  water, 
and  the  dips  are  such  that  artesian  flows  would  ordinarily  be  expected 
in  the  lower  valleys.  Such  flows  are  sometimes  obtained,  though, 
because  of  disturbance  by  faulting  and  the  presence  of  numerous  joints, 
the  waters  of  the  area  are  uncertain  as  to  quantity  and  as  to  the  height 
to  which  they  will  rise.  The  Triassic  rocks  are,  nevertheless,  a  very 
important  source  of  water,  and  it  is  with  a  view  of  describing  the  con- 
ditions to  drillers  and  well  owners  that  the  following  account  has  been 
prepared.  The  region  involved  in  the  problem  is  not  limited  by  geo- 
graphical but  by  geological  boundaries,  being  confined  to  the  area  of 
outcrop  of  the  Triassic  rocks. 

Nahire  ofinvestigatUm, — In  the  Triassic  area  the  occurrence  of  water 
is  dependent  directly  upon  the  texture  and  structure  of  the  rocks,  and 
is  therefore  strictly  geological.  To  fully  understand  its  occurrence  a 
knowledge  of  the  geological  conditions  is  necessary.    This  knowledge 
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may  be  obtained  in  part  by  an  examination  of  the  rocks  where  thej 
are  exposed  at  the  surface,  but  a  full  insight  into  the  question  requires 
an  intimate  understanding  of  the  conditions  as  they  are  disclosed  by 
borings  made  for  wells.  No  one  is  in  a  better  position  to  know  the 
underground  conditions  in  his  own  wells  than  the  driller,  bat  his 
detailed  knowledge  rarely  extends  to  the  wells  of  other  drillers  and 
almost  never  covers  the  whole  field.  It  is  by  combining  information 
obtained  from  local  authorities  throughout  the  entire  field  and  from 
his  own  personal  observation  that  the  geologist  is  able  to  present  a 
comprehensive  view  of  the  entire  region. 

The  present  paper  is  a  result  of  the  method  of  investigation  outlined 
above.  Published  descriptions  of  the  region  were  consulted,  additional 
field  work  was  done  in  places  concerning  which  further  information 
was  desired,  and  well  records  and  other  information  furnished  by 
drillers  was  collected  from  all  parts  of  the  area. 

Collection  of  well  data. — At  the  beginning  of  the  investigation  mut^h 
information  concerning  well  records  was  obtained  by  correspondence. 
Printed  or  typewritten  blanks,  containing  a  number  of  questions 
relating  to  the  owner,  location,  diameter,  and  depth  of  well;  quantity, 
quality,  and  height  of  water;  materials  encountered,  additional  well 
owners,  drillers,  etc.,  were  sent  out.  The  typewritten  blanks  were 
returned  in  almost  every  case,  and  a  large  number  of  the  printed  forms 
were  also  received.  These  furnished  a  good  basis  for  planning  field 
work,  which  was  then  undertaken.  In  the  field,  pei'sonal  interviews 
were  had  with  drillers  and  well  owners  and  facts  relating  to  the  wells 
were  obtained  at  first  hand.  These  facts  were  afterwards  studied  and 
compared  with  one  another  and  the  resulting  information  was  com- 
piled for  publication  in  the  present  report. 

Special  thanks  are  due  to  Mr.  C.  L.  Grant  and  Mr.  H.  B.  King,  well 
drillers,  of  Hartford,  Conn.,  for  records  and  valuable  information 
relating  to  wells  of  the  area. 

TOPOGRAPHY. 

The  topography"  of  the  region  is  in  general  such  as  might  he 
expected  from  the  general  geological  structure.  The  hard  crystalline 
rocks  of  the  eastern  and  western  uplands  stand  well  above  the  region 
of  soft  Triassic  sediments,  surrounding  them  like  a  barrier.  At  its 
northern  limit  the  lowland  has  an  elevation  of  from  400  to  500  feet 
above  sea  level,  but  the  land  slopes  steadily  downward  toward  the 
south  until,  in  the  region  of  New  Haven,  there  are  portions  which  are 
only  slightly  above  sea  level.     As  would  be  expected,  the  harder  sedi- 

nThe  entire  areas  of  the  States  of  Connecticut  and  Massachusetts  have  been  mapped  by  the  United 
StatcH  Geoloffical  Survey.  The  complete  series  of  maps  includes  about  70  sheets,  of  which  about  1.^ 
lie  within  the  area  under  discussion.  The  separate  sheets  are  sold  by  the  Survey  for  5  cents  each — the 
approximate  cost  of  printing.    Lists  can  be  had  on  application  to  the  Survey. 


PYNCHON.]     DRILLED  WELLS  OF  OONNECl'IOUT  VALLEY  LOWLAND.       67 

mentary  beds  find  topographic  expression  in  low  ridges  following  the 
strike  of  the  rockn  in  a  generally  north-to-south  direction,  their  steeper 
faces  being  toward  the  west,  as  the  beds  dip  eastward.  But  it  is  to 
the  highly  resistant  trap  sheets  that  the  valley  owes  its  most  striking 
topographic  features.  Throughout  the  whole  Triassic  area  the  tmp 
ranges  dominate  the  lowlands  in  strong  ridges  that  run  from  north  to 
south  and  present  bold  cliffs  on  the  west  and  gentle  slopes  on  the  east. 
The  western  cliffs  of  these  ridges  are  buried  in  some  cases  almost  to 
their  summits  by  a  heav}'  talus  of  fragments  which  the  frost  has  split 
from  their  faces.  These  slopes  of  talus,  topped  by  perpendicular 
cliffs,  have  a  marked  individuality,  and  though  of  no  great  elevation 
have  long  been  spoken  of  as  ^^  mountains  '^  throughout  the  region.  The 
highest  of  these  ridges  in  Massachusetts  is  Mount  Tom,  about  10  miles 
northwest  of  Springfield,  which  has  an  elevation  of  1,200  feet  above 
sea  level,  while  the  most  conspicuous  in  Connecticut  is  West  Peak,  in 
the  Hanging  Hills  of  Meriden,  with  an  elevation  of  1,007  feet. 

GEOIiOGY. 

PREVIOUS  INVESTIGATIONS. 

Soon  after  the  beginning  of  the  nineteenth  century  the  geology  and 
the  mineralogy  of  the  Triassic  area  of  Connecticut  and  Massachusetts 
began  to  attract  attention,  papers  on  the  subject  having  been  published 
by  the  elder  Professor  Silliman,  of  Yale,  as  early  as  1814.  The  first 
geologist  to  make  a  thorough  study  of  the  Connecticut  section  was  Dr. 
James  Gates  Percival,  who  published  in  1842,  under  State  auspices,  a 
"Report  of  the  Geology  of  Connecticut."  Dr.  Charles  Upham  Shep- 
ard  had  published  in  1837  his  "  Report  on  the  Geological  Survey  of 
Connecticut,"  but  this  work  was  confined  almost  wholly  to  the  mineral 
resources  of  the  State.  At  about  the  same  time  the  portion  lying  in 
Massachusetts  received  attention  from  Prof.  Edward  Hitchcock,  of 
Amherst  College.  Among  the  geologists  who  have  since  devoted 
special  attention  to  the  region  are  Prof.  J.  D.  Dana,  of  Yale,  Prof. 
B.  K.  Emerson,  of  Amherst,  and  Prof.  W.  M.  Davis,  of  Harvard. 
The  latest  and  most  exhaustive  treatise  on  the  Triassic  of  Massachu- 
setts is  Prof.  B.  K.  Emerson's  "Geology  of  Old  Hampshire  County, 
Massachusetts.""  The  latest  and  fullest  treatise  on  the  Connecticut 
section  is  Prof.  W.  M.  Davis's  ''Triassic  Formation  of  Connecticut."* 

The  geology  of  the  Connecticut  Valley  lowland  is  interesting  from 
many  standpoints.  The  manner  in  which  quiet  processes  of  deposition 
have  alternated  with  volcanic  or  other  igneous  action  presents  in  itself 
a  broad  field  of  study,  but  the  elaborate  manifestations  of  faulting  and 
displacement  and  the  complicated  structures  and  topographic  forms 

oMon.  U.  S.  Geol  Survey,  vol.  29,  1898. 

6 Eighteenth  Ann.  Rept  U.  8.  Geol.  Suryey,  pt.  2, 1896,  pp.  1-192. 
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which  have  been  developed  in  the  region  are  the  chief  sources  of 
interest  to  the  geologist.  It  is  not  within  the  province  of  this  paper, 
however,  to  bike  up  the  geological  histor}^  of  the  area,  attention  l>eing 

necessarily  confined  to  the  existlD^; 
J  structure  without  regard  to  the  pro- 
cesses by  which  this  structure  ha> 
been  produced,  except  in  so  far  as 
they  influence  the  underground  water 
supply.  It  is  from  this  standpoint 
alone  that  the  following  description 
of  the  geology  and  topography  of 
the  region  is  given,  the  reader  being 
referred  for  further  information  to 
the  publications  mentioned  above. 

GENERAL  RELATIONS. 

Both  the  eastern  and  the  western 
portions  of  Connecticut  are  occupied 
by  extensive  highlands.  These  con- 
sist of  ancient  metaniorphic  rocks, 
deeply  eroded  by  streams  and  over- 
lain by  glacial  drift.  The  western 
upland  is  the  more  elevated,  attain- 
ing at  one  point.  Bear  Mountain,  a 
height  of  2,365  feet  above  the  sea. 
In  Massachusetts  this  western  up- 
land is  even  more  rugged  than  in 
Connecticut,  and  contains  within  ii> 
borders  the  famous  Berkshire  Hills. 
The  eastern  upland  of  Massachusetts 
is,  like  that  of  Connecticut,  much  le>s 
nigged  than  the  western.  The  rocks 
are  highly  metamorphosed  and  deep- 
ly dissected  by  the  streams  which 
traverse  them.  Professor  Emerson 
assigns  the  chief  part  of  the  niefci- 
inorphosed  rocks  in  Franklin,  llani])- 
shire,  and  Hampden  counties,  Mass.. 
to  the  Silurian,  a  considerable  por- 
tion   to   the   Cambrian,   two   much 

Fig.  18.— Geologic  sketch  map  of  the  TrinRsic    smaller  portiouS  tO   the    Upper    De- 
area  of  the  Connecticut  Valley,  vonian  and  the   Carboniferous,  and 

a  very  small  portion  to  the  pre-Cambrian.  It  is  probable  that  a 
detailed  study  of  the  uplands  of  Connecticut  would  show  that  the 
rocks  comprising  them  would  fall  under  a  similar  classification. 
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sou^^ 


FiTHCHON.]     DMLLED  WELLS  OF  CONNECTICUT  VALLEY  LOWLAND.       69 

CHARACTER  OP  DEPOSITS. 

Nature  of  the  rocJc^, — Between  the  eastern  and  the  western  uplands, 
occupying  a  depression  in  the  older  rot^ks,  lies  the  Connecticut  Valley 
lowland,  the  limits  of  which  have  already  been  stated  (p.  67).  Its  rocks 
all  belong  to  the  Triassic  system.  The  greater  portion  of  these  rocks 
consists  of  comparatively  soft  sedimentary  beds  which  are  now  so 
tilted  that  they  have  a  rather  uniform  dip  eastward  of  about  15 
degrees.  Interspersed  with  these  rocks  are  to  be  found,  however, 
certain  sheets  of  volcanic  lava  (trap),  generally  interbedded  between 
the  strata  of  the  sedimentary  rocks,  in  nearly  all  cases  in  perfect 
conformity  with  the  beds  they  overlie. 

General  structure. — A  section  across  the  Triassic  area,  as  constructed 
by  Professor  Davis,  is  shown  in  fig.  19.  The  succession  of  the  sand- 
stones and  traps,  the  uniform  eastward  dip  of  the  beds  of  about  15 
degrees  and  their  displacement  by  faulting  are  strikingly  brought  out. 

Succession  and  distributuni  of  beds, — ^The  portion  of  the  Triassic 
area  in  Massachusetts  and  that  in  Connecticut  were  studied,  as  stated, 
by  two  geologists  working  independently,  and  in  general  the  same 
conclusions  were  reached  by  both.     The  uniformly  eastward  dip,  the 
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Pio.  19.— Oeneralized  section  acroas  the  Trlaaslc  area  of  the  Connecticut  Valley. 

succession  from  lower  and  older  rocks  on  the  west  to  higher  and 
younger  at  the  center  of  the  area,  the  presence  of  conglomerates  along 
the  border,  the  succession  of  trap  sheets,  and  the  presence  of  great 
numbers  of  faults  are  recognized  by  both.  In  the  details  of  mapping, 
however,  different  subdivisions  of  the  rocks  were  made  in  the  two 
States,  and  there  is  some  difference  of  opinion  as  to  the  succession  of 
beds  in  the  eastern  portion  of  the  valley  and  the  character  of  the  con- 
tact along  that  margin.  Fig.  18  shows  the  distribution  of  the  rocks  in 
both  the  Massachusetts  and  Connecticut  areas  as  mapped  by  Professor 
Emerson*  and  Professor  Davis*  respectively.  In  the  following  table 
are  shown  the  equivalency  of  the  divisions  recognized  in  the  two 
States.  In  addition  to  the  formations  given  for  the  Maasachusetts 
area  there  are  'the  minor  Black  Rock  diabase  and  the  Granby  tuff  or 
ash  beds.  In  Connecticut  there  is  in  addition  what  has  been  known 
as  the  intrusive  trap  sheet.  These  minor  beds  will  be  considered  on 
a  subsequent  page. 

aSmeraon,  B.  K.,  Geologry  of  old  Hampshire  County,  Maasachnsetts:  Mon.  U.  S.  Geol.  Survey,  vol. 
2»,  1896. 

b  DaviD,  W.  M.,  The  Triastdc  formation  in  Connecticut:  Eighteenth  Ann.  Bept  U.  S.  6eol.  Survey, 
pt.  2, 1896. 
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TaMe  showing  correlation  of  Triamc  rocks  in  McuMchttseMs  and  Cdnnedicut, 


Siibdivisfoiu  of  B.  K.  Emenon  in  HaflBachuaetts. 


Chicopee  shales 


Longmeadow 
sandstone 
and  included 
traps. 


Sandstone,  shale,  etc 

Hampton  diabase  (trap). 

Sandstone,  shale,  etc 

Hoi  yoke  diabase  (trap) . . 

Sandstone,  shale,  etc 

Talcott  diabase  (trap)  . . . 
iSandstone,  shale,  etc 


Sugarloaf  arkose 

Moant  Toby  conglomerate 


SubdivSaionB  of  J.  G.  Percival  and  W.  M.  ItaTl^ 
in  GonnecUcnt. 


I 


Upper  sandstones,  including  also  Mount 
Toby  conglomerate  and  part  of  Sugar- 
loaf  arkoee. 

Posterior  trap  sheet 

Posterior  shale. 

Main  trap  sheet. 

Anterior  shales. 

Anterior  trap  sheet. 

Lower  sandstone. 

Not  differentiated. 


DESCRIPTION  OP  ROCKS. 

Mount  Toby  conglomerate,  — This  is  a  coarse  conglomerate,  composed 
of  fragments  of  slaty  rocks,  schist,  and  quartz,  ranging  from  2  inches 
to  4  feet  in  diameter,  which  forms  a  narrow  band  along  the  eastern 
border  of  the  Triassic  area  in  Massachusetts,  extending  from  the  Bos- 
ton and  Albany  Railroad,  near  Ellis,  southward  to  the  State  line,  and 
on  the  same  side  from  a  point  just  north  of  Amherst  to  the  extreme 
northern  end  of  the  area.  It  has  not  been  differentiated  in  Connecti- 
cut, but  undoubtedly  extends  along  the  eastern  border  in  at  least  the 
northern  portion  of  the  State. 

Sugarloaf  arkose  {'^ Lower  sandstone''^  of  Davis  in  part). — This  is  a 
coarse  buff  to  pale  red  sandstone  or  conglomerate,  made  up  largely  of 
granite  fragments  that  were  derived  from  rocks  lying  farther  wesL 
It  forms  the  western  border  of  the  Triassic  area  in  Massachusetts, 
and  bends  around  and  forms  the  eastern  border,  except  where  it  is  sep- 
arated from  the  crystalline  rocks  by  the  Mount  Toby  conglomerate. 
It  is  the  equivalent  of  the  conglomeratic  portions  of  the  '*  Liower  sand- 
stone" of  Connecticut,  where  the  latter  rests  in  contact  with  the 
western  border  of  the  area. 

Longmeadow  sandstone  and  its  Connecticut  equivalents. — The  sand- 
stone occurs  as  a  broad  band  inside  of  the  Sugarloaf  arkose  belt.  It 
is  largely  of  the  red  or  brown  variety  of  sandstone,  known  as  brown- 
stone,  which  is  so  largely  quarried,  but  includes  many  thin  beds  of 
shale.  Interbedded  with  the  sandstone  are  also  thick  beds  of  traps, 
which  were  laid  down  as  lava  sheets  at  various  times  during  the  period 
when  the  sandstones  were  deposited.  The  Longmeadow  sandstone 
includes  the  nonconglomeratic  portion  of  the  lower  sandstones  of  Con- 
necticut, and  the  Anterior,  Posterior,  and  a  portion  of  the  Upper  shales 
or  sandstones  of  Connecticut. 
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Taleott  diabdHe  {AnterHtr  trap  nhM). — This  is  a  massive  dark -colored 
trap  that  forms  an  important 'feature  in  the  Connecticut  area,  where 
it  is  known  as  the  Western  trap  range,  but  does  not  enter  Massachu- 
setts. It  is  a  bedded  sheet,  originally  formed  as  a  volcanic  flow  on  an 
old  surface  during  the  period  of  deposition  of  the  sandstone. 

Ilolyoke  (liaboHe  {Main  trap  sheet). — This  is  a  dark,  dense  trap  bed, 
several  hundred  feet  thick,  that  extx>nds  with  a  few  breaks  from  the 
northern  to  the  southern  jK)rtion  of  the  area.  Because  of  its  resist- 
ance to  erosion  it  forms  a  conspicuous  ridge,  frequently  called  a  moun- 
tain, as  at  Mount  Tom  and  Mount  Holyoke.  It  is  sometimes  known 
as  the  Eastern  trap  range.  Like  the  Taleott  diabase  it  was  laid  down 
as  a  surface  lava  flow. 

Hampton  diabase  {Posterior  trap  sheet). — This  is  a  relatively  thin 
but  at  the  same  time  persistent  sheet  that  extends  with  some  inter- 
ruptions from  near  Mount  Tom  on  the  north  to  Long  Island  Sound  on 
the  south.  It  does  not  commonly  give  rise  to  a  conspicuous  ridge. 
Like  the  preceding  sheets  it  was  a  surface  flow. 

Black  rock  diabase.— This  is  a  diabase  which,  instead  of  flowing  out 
ov£r  the  old  sandstone  surfaces,  was  forced  or  intruded  through  the 
sandstones  and  the  older  Holyoke  and  Hampton  traps  as  dikes  or  other 
igneous  masses.  It  is  found  only  in  the  region  southeast  of  the  Mount 
Tom  and  Mount  Holyoke  ridges  in  Massachusetts. 

Ghranby  tuff. — This  is  a  sandstone  or  conglomemte,  made  up  of  vol- 
canic debris,  possibly  deriyed  from  the  volcanic  eruptions  accompany- 
ing the  intrusion  of  the  Black  Rock  diabase.  Its  distribution  is  much 
the  same  as  the  latter. 

hitmsive  traps  in  Connecticut.  — ^The  intrusive  traps  are  of  two  types — 
intrusive  sheets  and  dikes.  The  former  is  represented  by  the  impor- 
tant trap  sheet  that  was  injected  between  certain  of  the  lower  sand- 
stone beds  near  the  western  border  of  the  Triassic  area,  and  that 
extends  from  the  Massachusetts  line  southward  for  nearly  20  miles, 
and  again  from  near  Southington  to  New  Haven.  The  dikes  are  rep- 
resented by  smaller  and  more  isolated  masses,  having  approximately 
vertical  attitudes  cutting  across  the  bedding  of  the  sandstones. 

Chicopee  shale. — This  is  a  band  of  dark-gray  shaly  sandstone,  with 
some  shales,  that  extends  along  the  Connecticut  River  from  Hol- 
yoke southward  into  Connecticut.  In  that  State  it  has  not  been 
diflferentiated. 

FAULTING. 

When  first  formed  both  the  sedimentary  beds  and  the  trap  sheets 
were  continuous  and  unbroken.  If  simply  tilted  and  subjected  to 
erosion  such  beds  would  give  rise  to  continuous  ridges,  but  in  reality 
the  latter  are  broken  and  their  component  parts  shifted  in  relation  to 


72  HYDBOLOOY    OF   EASTERN    UNITED    STATES,  1904.       ls«.  no. 

one  EDOther.  This  shifting  is  due  to  movements  which  have  taken 
plaee  along  certain  linens  of  fracture,  and  which  in  some  regions  have 
broken  the  rocks  into  a  series  of  blocks  bounded  by  faults  and  known 
as  fault  blocks.  The  faults  are  abundant  in  the  Triassic  area, 
both  in  Connecticut  and  in  Massachusetts,  reaching  a  high  devel- 
opment in  the  region  of  the  Hanging  Ilills  of  Meriden.  In  direi- 
tion  they  commonly  run  from  northeast  to  southwest,  transversely 
to  the  strike  of  the  t)eds,  but  some  northwest-southeast  faultn  occur. 
In  a  given  district  they  are  usually  parallel  to  one  another.  In  many 
pla<^es  they  are  separated  by  intervals  of  only  a  fraction  of  a  mile, 
the  result  being  the  subdivision  of  the  rocks  into  long  narrow  blocki* 
slightly  offset  as  regards  one  another.  In  most  cases  there  has  al^^ 
been  much  movement  in  a  vertical  direction. 

In  these  dislocations  there  is  to  l)e  found  the  greatest  variation  in 
length  of  fault  line  and  amount  of  displacement.  At  one  end  of  the 
series  stand  the  small  local  faults,  which  can  be  traced  for  only  a  few 
feet  and  which  show  only  a  few  inches  of  slipping;  at  the  other  end 
may  l>e  placed  the  great  fault  which  separates  the  Hanging  Hills  from 
Lamentation  Mountain.  This  fault  crosses  the  whole  lowland  from 
northeast  to  southwest,  penetrating  both  the  eastern  and  the  western 
uplands  and  having  a  total  length  of  about  40  miles.^  The  upthrow  is 
on  the  east  of  the  fault  line  and  is  so  great  that  the  lower  sandstones; 
under  Lamentation  Mountain  abut  against  the  Posterior  shales  of  Cat- 
hole  Peaks,  the  most  eastern  member  of  the  Hanging  Hills.  The  fault 
gap  between  these  two  portions  of  the  main  trap  sheet  is  a  mile  across. 
Faults  of  considerable  movement  evervwhere  leave  distinct  notches  in 
the  crests  of  the  various  trap  ridges.  At  these  points  erosion,  acting 
along  the  fault  line,  has  cut  deep  gorges,  some  of  which  reach  the 
dignity  of  passes,  flanked  by  long  slopes  of  rocky  talus  topped  by  per- 
pendicular cliffs.  Excellent  examples  of  these  fault  gaps  are  Cathole 
Pass,  between  Cathole  Peaks  and  Notch  Mountain,  and  Reservoir 
Notch,  between  Notch  Mountain  and  West  Peak,  both  in  the  Hanging 
Hills. 

Throughout  the  southern  half  of  the  Connecticut  area,  from  about 
the  latitude  of  Hartford  to  Long  Island  Sound,  the  faults  are  closely 
parallel,  and  run  from  northeast  to  southwest,  the  upthrow  always 
being  on  the  eastern  side.  As  a  combined  result  of  this  displacement 
and  subsequent  erosion  there  is,  as  we  proceed  southward,  a  constantly 
recurring  recession  of  the  outcrop  of  the  various  members  of  the 
series,  this  overlapping  arrangement  being  specially  well  developed  in 
the  vicinit}^  of  Meriden.  From  about  the  latitude  of  Hartford  north- 
ward to  the  Massachusetts  State  line  the  faults,  though  still  oblique  in 
character,  run  from  northwest  to  southeast.     The  upthrow  is  still  on 


a  Davis,  W.  M.,  The  Triassic  formation  of  Connecticut:  Eighteenth  Ann.  Rept  U.  S.  Oeol.  Survey,  pt.  2 
1898,  p.  lOU. 
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t^he  eastern  side  of  the  fault  lines,  so  that  there  is  still  a  tendency  to  an 
CBastward  recession  of  the  outcrops,  but  in  a  manner  the  rev  erse  of  that 
"which  is  seen  in  the  southern  portion  of  the  valley. 

In  the  Massachusetts  area  the  faults  in  the  Triassic  are  fewer  and  of 
less  importance.  Faults  of  both  the  varieties  mentioned  occur,  as 
w^ill  l>e  seen  from  Professor  Emerson's  map,'*  but  they  produce  a  less 
striking  effect  on  the  arrangement  of  the  chief  ridges  of  the  region. 

Certain  faults  are  supposed  to  occur  in  connection  with  the  bound- 
aries of  the  Triassic  both  in  Connecticut  and  Massachusetts,  princi- 
pally in  connection  with  the  eastern  boundary,  and  they  have  been 
indicated  on  the  map*  accompanying  the  report  of  Professor  Davis. 

JOINTING. 

Jointing  in  traps, — Besides  the  faults  there  are  certain  minor  lines  of 
regular  separation  which  demand  attention.  These  are  the  joints 
which  exist  in  great  numbers  throughout  the  mass.  Every  tmp  ridge 
in  the  lowland  shows  them  in  a  remarkable  degree,  but  they  are  espe- 
cially prominent  in  the  mountains  of  the  main  range.  The  trap  sheets 
are  divided  by  a  vast  number  of  these  joints^  the  planes  of  which  run 
in  a  direction  generally  perpendicular  to  the  cooling  surface,  and  along 
these  planes  the  rock  splits  up  into  approximately  rectangular  blocks 
of  all  imaginable  sizes.  It  is  these  joint  planes  that  form  the  nearly 
vertical  western  faces  of  the  mountains,  and  in  cases  where  erosion, 
working  on  some  local  fault,  has  produced  an  escarpment  facing  east- 
ward, the  cliffs  actually  overhang.  Every  trap  eminence  of  any  con- 
siderable height  is  fronted  by  a  long  talus  of  broken  trap,  formed  of 
joint  blocks  of  all  sizes  which  have  fallen  down  from  the  cliffs  above. 
A  little  gorge  marking  the  line  of  a  small  fault  near  the  crest  of  West 
Peak  is  fairly  choked  with  slabs,  some  of  them  12  feet  square  and  sev- 
eral feet  thick,  which  have  been  derived  from  the  walls  of  the  gorge. 
On  the  top  of  Rattlesnake  Mountain  are  large  blocks  of  trap  that  have 
been  detached  along  joint  planes,  while  at  the  foot  of  Talcott  Moun- 
tain, on  the  line  of  the  old  Alban}'  turnpike,  lies  a  joint  block  as  large 
as  a  small  house.  The  blocks  range  from  this  size  down  to  an  inch 
square.  In  some  localities  the  joints  divide  the  trap  into  sheaves  of 
blade-shaped  fragments. 

Jmnting  in  Hedimentary  rocJcs. — Jointing  in  the  sedimentary  beds 
does  not  reach  the  highly  developed  condition  seen  in  the  trap  sheets. 
In  the  heav\'  sandstones  at  the  great  brownstone  quarries  at  Portland 
the  joints  are  on  a  large  scale  and  are  indispensable  aids  in  separating 
the  great  blocks  of  building  stone.     Yet  here  these  lines  of  fracture 


aEmexBon,  B.  K.,  Geology  of  old  Hampshire  County,  Maasachusette:  Mon.  U.  S.  Oeol.  Surrey,  toI. 
39,  PI.  XXXIV. 

bDavis,  W.  M.,  The  Triaflslc  formation  of  Connecticut:  Eighteenth  Ann.  Kept.  U.  8.  Oeol.  Survey, 
PI.  XIX. 
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are  potential  rather  than  actual.  In  the  shales  the  joints  become  much 
more  numerous  and  may  be  regarded  as  universal.  In  the  cit^'  stone 
pits  near  Trinity  College  at  Hartford  the  Posterior  trap  has  been 
removed  for  road  nxetal,  leaving  broad  sheets  of  Posterior  shale, 
marked  with  ripple  marks  and  mud  cracks,  exposed  to  view.  One 
looking  down  upon  this  floor  from  the  top  of  the  cliflT  may  see  two  sets 
of  joint  cracks  that  cross  each  other  at  an  angle  of  about  60  degrees 
and  divide  the  mass  into  lozenge-shaped  sections.  Working  along  these 
two  sets  of  joint  planes  and  the  plane  of  the  bedding,  the  qiiarrymen 
remove  blocks  of  shale  averaging  about  a  foot  square  and  6  to  8  inches 
thick,  which  are  used  as  the  foundation  rock  in  the  construction  of  the 
streets.  Joint  blocks  in  this  shale  may  be  extremely  variable  in  size, 
and  are  often  not  over  an  inch  in  anv  dimension.  An  examination  of 
almost  any  mass  of  shale  throughout  the  lowland  will  show  that  the 
jointing  seen  in  this  quarry  is  typical. 

Although  jointing  in  the  sediments  does  not  produce  such  striking 
results  as  in  the  trap,  yet  the  joints  themselves  extend,  the  writer 
believes,  to  much  greater  distances,  both  vertically  and  horizontally, 
in  the  sedimentary  than  in  the  igneous  rocks.  Apparently  they  fre- 
quently become  actual  fissures  in  the  deep  rocks  and  have  a  profound 
effect  on  the  water  supply,  as  will  be  shown  later. 

GLACIAL   AND    R4£CENT    DEPOSITS. 

The  entire  Triassic  area  has  been  subjected  to  the  action  of  the  ice 
sheets  that  passed  over  the  region  in  Pleistocene  times.  The  outlines 
of  the  liarder  ridges  have  been  softened  and  the  softer  rocks  have  been 
worn  away  in  many  places  by  the  scouring  action  of  the  ice.  Deposits 
of  till  were  formed  beneath  the  sheet  and  now  remain  in  the  shape  of 
the  well-known  hardpan,  while  gravel  and  sand  deposits  were  formed 
as  terraces  or  valley  fillings  by  the  glacial  streams  throughout  the 
region.  Since  these  deposits  were  laid  down  much  material  has  been 
carried  from  them  by  streams  and  redeposited  to  form  the  present 
flood  plains. 

The  presence  of  drift  over  the  region  is  of  great  importance  to  the 
water  supply.  If  the  bare  surfaces  of  the  rocks  were  exposed  the  water 
would  run  off  rapidly  instead  of  being  absorbed,  but  the  glacial  depos- 
its, especially  the  sands  and  gravels,  hold  in  stoi*age  large  quantities 
of  water,  which  is  thus  kept  in  contact  with  the  underlying  sand- 
stones, by  which  the  water  is  continually  being  absorbed. 

WEIiliS  OF  THE  CONNECTICUT  VAIiliBY  I-OWI.AND. 

Although  there  are  few  flowing  wells  in  the  Triassic  area  there  are 
many  wells  from  which  water  is  pumped,  and  some  of  these  would 
yield  a  supply  much  in  excess  of  the  capacity  of  the  pumps  that  are 
used  in  them. 
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Id  the  description  of  wells  which  follows  an  attempt  is  made  to 
present  data  bearing  upon  the  occurrence,  volume,  and  quality  of  the 
water.  Most  of  the  records  were  gathered  several  years  ago,  but  the 
area  is  fairly  well  covered  and  the  information  is  comprehensive.  In 
interpreting  the  figures  due  weight  should  be  given  to  the  source  of 
information.  Depths  reported  by  drillers  are  likely  to  be  more  accu- 
rate than  those  furnished  by  owners,  but  on  the  other  hand  the  quan- 
tity is  more  likely  to  be  ac^eurately  stated  by  the  owner.  The  reports 
of  both  owner  and  driller  as  to  quality  are  likely  to  be  more  optimistic 
than  the  facts  warrant,  but  the  use  to  which  the  water  is  put — or, 
better,  the  uses  to  which  it  is  not  put — usually  gives  a  clue  to  its 
actual  character. 

The  records  are  far  from  uniform  in  the  character  of  the  points  pre- 
sented, certain  features  that  are  of  special  interest  and  consequence  in 
one  well  being  of  little  interest  in  another,  which  may  show  an  entirely 
different  set.  The  greater  abundance  of  the  records  in  the  vicinity  of 
the  towns  along  the  center  of  the  area  makes  the  data  in  such  situa- 
tions more  complete  than  for  the  outlying  portions,  but  the  value  of 
the  data  presented  for  wells  in  the  outlying  regions  is  probably 
greater.  Data  relating  to  wells  that  were  failures  are  especially  diffi- 
cult to  obtain  from  either  owner  or  driller.  The  driller  especially  is 
loath  to  give  details  which  might  tend  to  discourage  further  drilling. 
This  is  unfortunate,  as  perhaps  fully  as  much  information  as  to  the 
actual  underground  conditions  is  afforded  by  the  dry  holes  as  by  the 
successful  wells. 

WBLLS  ENTERING  THE  ROCK. 

The  typical  v/ells  of  this  area  are  those  which  are  sunk  for  the 
greater  part  of  their  depth  in  the  rock,  but  a  short  list  of  wells  of  the 
drift,  including  those  which  lie  in  unconsolidated  deposits,  generally 
of  glacial  origin,  overlying  the  Triassic  rocks  is  also  given.  Certain 
of  these  wells  are  distinctly  interesting,  as  their  water  supply  seems 
to  depend  not  on  the  arrangement  of  the  deposits  in  which  they  are 
located,  but  on  the  conformation  of  the  surface  of  the  rocks  which  lie 
below. 

WELLS  IN  MASSACHUSETTS. 
NORTHAMPTON. 

No.  1.  Bdding  Brothers^  Silk  Cmapany. — ^This  well  is  in  its  way  the 
most  remarkable  in  the  valley,  as  it  was  carried  to  the  great  depth  of 
8,700  feet  without  striking  water.  Mr.  E.  F.  Crooks,  writing  for  the 
company,  states  that  at  the  "depth  of  150  feet  the  drill  entered  sand- 
stone or  conglomerate  rock  which  did  not  change  at  any  time  down  to 
3,700  feet."  Professor  Emerson  classes  the  rocks  which  underlie 
Northampton  as  Sugarloaf  arkose  and  gives  a  list  of  the  beds  traversed 
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in  drilling  this  well.*  It  seems  probable  that  this  well  w^as  driven 
through  a  water-bearing  stratum  at  the  point  where  it  enters  the 
rock,  since  a  shallower  well  sunk  by  the  same  company  to  the  rock, 
within  a  few  feet  of  the  former  well,  draws  good  water  from  that 
depth.  This  second  well  will  be  referred  to  again  among  the  wells  of 
the  drift.     The  drv  well  is  8  inches  in  diameter. 

SOUTH   HADLEY   FALLS. 

No.  2.  Smis  Sauci  Club. — At  the  clubhouse  of  this  organization  is  a 
private  well  74  feet  deep  and  6  inches  in  diameter,  entering  the  Long- 
meadow  sandstone  at  a  point  10  or  15  feet  below  the  surface  of  the 
ground.  The  water,  which  is  of  medium  hardness,  supplies  all  need^ 
of  the  clubhouse.     The  well  is  pumped. 

HOLYOKE. 

Nos.  3  and  ^.  American  Writing  Paper  Company  {Alhum  Pajh:r 
Cmnpany  Division). — These  two  wells,  which  are  identical  in  detail, 
are  720  feet  deep  and  have  a  diameter  of  8  inches.  The  water  ri.ses 
within  14  feet  of  the  surface,  from  which  point  it  is  pumped.  Each 
well  yields  460  gallons  a  minute  throughout  the  twenty -four  hours  of 
the  day,  the  water  being  slightly  tinged  with  iron  and  not  used  in 
boilers.  The  wellb  enter  the  Chicopee  shale  about  50  feet  below  the 
surface. 

No.  5.  Ilolyoke  CoM-Stara^e  a7ul  Prorrision  Cmn,i>any. — This  well  is 
over  500  feet  deep,  has  a  diameter  of  3^  inches,  and  has  its  bottom  in 
the  Chicopee  shale.  The  water,  which  has  been  analyzed,  «in  l>e  used 
in  boilers,  but  is  employed  mostly  for  refrigerating  purposes.  The 
water  is  pumped  at  the  rate  of  20  to  25  gallons  a  minute. 

No.  6.  Riversule  Paper  Company. — A  well,  concerning  which  no 
data  could  be  obtained,  was  drilled  by  this  company,  but  was  aban- 
doned because  of  the  mineral  matter  contained  in  the  water. 

WILLIMANSETT. 

No.  7.  Ilaniden  Breiolng  Company. — ^This  well  is  112  feet  deep  and 
has  a  diameter  of  4  inches.  It  is  sunk  partly  in  rock,  which  is  appar- 
ently Chicopee  shale.  The  well  is  pumped  at  the  rate  of  60  barrels  an 
hour — that  is,  about  40  gallons  a  minute — without  lowering  the  level  at 
which  the  water  stands.  The  water  has  been  analyzed  and  is  too  hard 
to  be  used  in  boilers. 

LUDLOW. 

No.  8.  Ludlitw  Manufacturing  Company. — This  well  is  150  feet  deep 
and  has  a  diameter  of  8  inches  for  the  first  50  feet,  below  which  it  i> 
reduced  to  6  inches.     After  passing  through  6  feet  of  made  land  the 

aEmenon,  B.  K.,  Geology  of  old  HampBhlre  County,  Maasftchusetts:  Moil  U.  S.  Geol.  Survey,  toI. 
29, 1808,  pp.  885-^88. 
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well  lies  for  the  rest  of  its  depth  in  rock,  which  is  mapped  as  Sugarloaf 
arkose.  The  water  level  is  about  21  feet  below  the  surface,  but,  when 
the  well  is  pumped  at  the  rate  of  20  gallons  a  minute,  the  level  drops 
to  a  point  20  feet  lower.  The  water  is  called  medium  hard,  but  can 
not  be  used  in  boilers. 

CHICX)PEB  FALIJ9. 

No.  9,  Overman  Wheel  Company. — This  well  is  476  feet  deep  and  6 
inches  in  diameter,  the  lower  175  feet  lying  in  the  Chicopee  shales. 
The  well  was  drilled  to  obtain  water  for  drinking  purposes  only  and  it 
supplied  all  the  employees  of  the  big  establishment  abundantly.  It 
was  found,  however,  that  the  water  was  so  full  of  mineral  matter  that 
it  had  a  purgative  effect  on  those  who  drank  it  and  now  its  use  is 
wholly  discontinued.     The  water  has  been  analyzed. 

BRIGHTWOOD. 

No.  10.  Springfield  Rendering  Compam^y. — This  well  was  unfinished 
when  the  locality  was  visited  in  July,  1900.  It  was  drilled  by  Messrs. 
King  &  Mather,  of  Hartford,  who  very  kindly  furnished  the  data  con- 
cerning it  on  the  completion  of  the  work,  a  few  weeks  later.  The  well 
is  200  feet  deep  and  has  a  diameter  of  6  inches.  It  pumps  150  gallons 
a  minute  and  meets  the  demands  made  upon  it — 90,000  gallons  for  a 
working  day  of  ten  hours.  The  water  when  analyzed  proved  to  be 
sufficiently  pure  for  use  in  boilers.  It  is  sunk  59  feet  through  earth, 
the  remainder  being  in  the  Chicopee  shale. 

Nos.  11  and  12.  Springfield  Pro'tmion  Company. —'W\\6  company 
has  two  wells,  concerning  which  there  is  some  uncertainty  as  to  depth 
and  diameter.  They  are  only  a  few  hundred  feet  south  of  the  well 
just  mentioned,  and  it  is  a  matter  of  no  small  interest  to  note  the  great 
difference  in  the  character  of  the  water.  Well  No.  11  has  a  depth  of 
160(?)  feet  and  a  diameter  of  6(?)  inches,  and  pumps  150  gallons  a 
minute  without  being  pumped  dry.  No.  12  has  a  depth  of  300(?)  feet 
and  a  diameter  of  6(?)  inches,  pumps  300  gallons  a  minute,  and  has 
never  failed.  Both  wells  enter  the  Chicopee  shale  at  a  depth  of  60 
feet.  The  water  of  these  wells  has  been  anal^'zed.  It  is  too  hard  for 
boilers,  and  can  not  even  be  used  for  drinking,  because  of  the  mineral 
matter  it  contains. 

SPRINGFIELD. 

No.  IS.  Springfield  Cold  Storage  Company. — ^This  well  is  325  feet 
deep  and  8  inches  in  diameter,  290  feet  of  its  depth  lying  in  the  Chico- 
pee shale.  The  company  has  also  a  shallower  well,  35  feet  deep,  which 
would  bring  it  down  to  the  surface  of  the  rock.  The  two  wells 
together  yield  30  gallons  a  minute  to  the  pump.  The  water  is  not  fit 
for  boilers,  and  is  used  only  for  condensing  purposes. 

Nos.  IJf^  16,  and  16.  SprhigfiAd  Brewimj  Company. — No.  14  is  100 
feet  deep  and  4  inches  in  diameter.    The  pump  renders  150  gallons  a 
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minute.  The  analysis  shows  that  the  water  carries  considerable  min- 
eral matter. 

No.  15  is  identical  in  every  respect  with  No.  14. 

No.  16  is  300  feet  deep,  4  inches  in  diameter,  and  yields  only  6«i 
gallons  a  minute.  The  water  is  poor  in  quality,  and  is  used  only  for 
washing  purposes. 

All  of  these  wells  are  pumped.  The  water  is  not  used  for  boilen) 
as  the  city  water,  which  is  very  satisfactory,  is  already  in  use.  WelLs 
Nos.  14  and  16  go  only  to  the  rock,  and  are  therefore  to  be  reckoned 
among  the  wells  of  the  drift,  under  which  head  they  will  be  mentioned 
again. 

No.  17,  Morgan  Envelope  Company. — This  well  was  originally  31:2 
feet  deep  and  flowed  at  the  surface  at  the  rate  of  7  gallons  a  minute. 
It  was  afterwards  sunk  to  326  feet,  but  there  was  no  gain  in  the  sup- 
ply. A  deep-well  pump  was  then  put  in  at  a  depth  of  nearly  200  f eet, 
and  a  supply  of  26  gallons  a  minute  is  now  obtained.  The  well  nms 
for  '^60  feet  through  dirt,  clay,  hardpan  with  gravel,"  and  then  for 
^'265  feet  in  sandstone  rock."  This  rock  is  apparently  the  Chicopee 
shale.  The  water  has  been  analyzed  and  proves  to  be  a  very  good 
drinking  water,  though  hard.  In  a  working  day  of  •  10  hours  from 
6,000  to  6,000  gallons  are  commonly  used.  The  diameter  of  the  well 
is  6  inches. 

No.  18.  Kzbbe  Brothers  Company^  candy  manufacturers. — This  well 
is  262i  feet  deep,  6  inches  in  diameter,  and  pumps  26  gallons  a  minute — 
the  capacity  of  the  pump.  An  analysis  of  the  water  made  at  Amherst 
College  showed  that  it  contains  only  a  small  amount  of  solid  naatter. 
It  is  not  used  for  boilers,  but  is  employed  in  the  making  of  candy  and 
for  drinking  purposes.  The  well  runs  first  through  about  40  feet  of 
clay,  the  balance  being  in  "sandstone" — probably  Chicopee  shale. 

No.  19.  Fiske  Manufa<ituring  Company. — ^The  well  of  this  company 
is  366  feet  deep  and  4  inches  in  diameter.  It  is  pumped,  but  the 
amount  of  water  obtained  is  unknown.  The  water  has  been  analyzed 
and  is  not  used  in  boilers.  About  two-thirds  of  the  well  lies  in  rock, 
probably  the  Chicopee  shale. 

Though  the  map  indicates  that  many  of  the  foregoing  wells  are  sunk 
in  the  Chicopee  shale,  they  nevertheless  lie  very  close  to  its  contat-t 
with  the  eastern  area  of  Longmeadow  sandstone.^  This  will  per- 
haps account  for  the  '^sandstones"  noted  in  the  original  records 
furnished. 

Nos.  W  and  21.  Highland  Breiving  Company. — These  wells  are  used 
by  the  Highland  branch  of  the  Springfield  Breweries  Company.  No. 
20  is  424  feet  deep,  of  which  about  365  feet  are  in  rock.  Its  diameter 
is  10  inches.  It  pumps  80  gallons  a  minute,  the  water  rising  to  within 
30  feet  of  the  surface. 

a  See  map  accompanTliig  Professor  EmerBon'e  monograph. 
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No.  21  is  2<J<)  feet  deep,  of  which  alK)ut  160  feet  are  in  rock.  Its 
diameter  is  8  inches.  It  pumps  60  gallons  a  minute,  the  water  rising 
to  within  15  feet  of  the  surface. 

Both  of  these  wells  yield  water  of  excellent  quality,  which  can  be 
used  in  lK)ilers.  The  brewery  stands  upon  the  terraces  \ying  east  of 
Connecticut  River  and  in  C/onsequence  is  about  100  feet  above  the 
level  of  the  Springfield  wells  previously  mentioned,  which  are  pretty 
close  to  the  east  bank  of  the  river.  The  rock  underlying  this  por- 
tion of  the  town  is  mapped  by  Professor  Emerson  as  Longmeadow 
sandstone. 

No.  22,  Joseph  II.  Wesson,  13  Federal  street.— This  well  is  276  feet 
deep  and  6  inches  in  diameter.  No  estimate  could  be  obtained  of  the 
quantity  yielded,  except  that  the  pump  would  ^^  furnish  a  1-inch 
stream  constantly."  ''The  water  is  used  only  for  drinking,  but  is  pro- 
nounced good  for  boilers  by  Professor  Wood,  of  HarvarcJ."  One 
hundred  and  fifty-one  feet  of  the  well  lie  in  rock  which  is  presumably 
Longmeadow  sandstone. 

Professor  Emerson's  monograph*  contains  a  number  of  valuable 
items  concerning  the  water  supply  of  the  Triassic  area.  Notes  relating 
to  several  of  the  wells  mentioned  by  him  are  subjoined. 

OTHER   WBLIi)   IN  TKIA88IC   ARBA    IN   MAHSACHUSBITB. 

No.  23.  Daniel  Brothers'"  jHiper  mill. — This  mill  is  on  Westfield 
Little  River,  south  of  Westfield.  The  well  was  carried  to  a  depth  of 
1,100  feet,  but  proved  unsuccessful  and  is  now  closed  up.*  The  rock 
at  this  locality  is  Sugarloaf  arkose.  It  is  an  interesting  and  suggestive 
fact,  as  has  been  remarked  before,  that  the  only  wells  in  the  lowland 
which  have  been  carried  to  exceptional  depths,  merely  to  meet  with 
failure,  have  been  sunk  in  this  rock. 

No.  21i^  Mount  Holyoke  College,  South  IlaMey. — This  well  was  car- 
ried to  a  depth  of  450  feet  in  Longmeadow  sandstone,  the  full  record 
of  the  borings  being  given  by  Professor  Emerson.*^  The  water,  when 
analyzed,  was  found  to  contain  common  salt  in  large  amount. 

No.  26.  Monto/gue  Paper  Company  at  Turners  Falls. — This  well 
was  carried  to  a  depth  of  875  feet  in  Longmeadow  sandstone.  The 
record  of  the  borings  is  given  by  Professor  Emerson.^  The  appended 
analysis  of  a  sample  from  the  well  shows  that  the  water  has  nearly  the 
composition  of  bittern.^ 

a  Mod.  U.  S.  Geol.  Survey,  vol.  29. 
bibld.,  p.  389. 
olbid..  p.  882. 
(IIbid..pp.  S80-881. 
elbid.,  p.  750. 

IKK   110—05 (j 


80  HYDROLOGY   OF   EASTERN    UNITED   STATES,  1904.       [no.  110. 

Analysis  of  deep  well  water  at  Turners  FaUs,  Mass. 

[G.  A.  Goeflsman,  analyst,  1874.] 

Parts  per  millfoo. 

Potaesa 6 

Soda 51 

Magnesia 63 

Lime 633 

Chlorine 6 

Sulphuric  acid 996 

Silicon Trace. 

Total 1,755 

Other  weUs. — Other  wells  mentioned  are  two  of  the  Parsons  Paper 
Company,  of  Holyoke,  which  reached  depths  of  510  feet  and  685  feet, 
respectively.® 

WELLS  IN  OONNECmCUT. 
TH0MF80NVILLB. 

No.  26.  Connecticut  VaUey  Brewing  Company. — This  well  is  52  feet 
deep  and  6  inches  in  diameter,  having  40  feet  of  its  depth  in  the  rock. 
The  water  rises  within  7  feet  of  the  top,  a  good  many  feet  above  the 
level  of  the  Connecticut  River,  which  is  only  a  stone's  throw  away. 
The  pump  raises  31  gallons  a  minute,  which  lowers  the  well  8  feet,  but 
no  farther.  The  water  is  moderately  hard,  has  been  used  in  boilers, 
and  keeps  a  uniform  temperature  of  51°  F.  the  year  round. 

No.  ^.  haac  Allen.,  Enfield  street. — This  is  a  private  well,  67  feet 
deep  and  6  inches  in  diamater.  It  is  sunk  50  feet  in  rock,  the  last  5 
feet,  it  is  said,  being  in  granite — ^a  manifest  impossibility.  Mr.  Allen 
states  that  a  spring  of  soft  water  was  struck  at  a  depth  of  about  45 
feet  and  a  spring  of  hard  water  at  the  bottom,  the  mixture  making  an 
excellent  drinking  water.  The  well  furnishes  more  than  double  the 
quantity  of  water  that  can  be  used  in  house  and  barn.  The  water  is 
45  feet  deep  in  wet  weather  and  30  feet  in  dry.  The  temperature  is 
520F. 

SUFFIELD. 

No8.  28  cmd  29.  Tovm  water  t^upply  of  Sujield.—Th^e  wells  are 
owned  by  Paulus  Fuller.  No.  28  is  230  feet  deep  and  has  a  diameter 
of  6  inches,  and  No.  29  is  240  feet  deep  and  has  a  diameter  of  8  inches. 
These  two  wells  together  pump  at  the  rate  of  300  gallons  a  minute 
into  a  standpipe  containing  293,000  gallons.  The  water  rises  within 
about  60  feet  of  the  surface  and  is  rather  highly  mineralized.  It  can 
be  used  in  boilers,  however,  but  gives  some  scale.  The  wells  enter 
rock  about  10  feet  below  the  surface  of  the  ground. 

No.  30.  Public  loM^  Suffield  Village. — ^The  depth  of  this  well  is  140 
feet  and  its  diameter  is  6  inches.    The  water  stands  about  90  feet  below 


I  See  MoQ.  U.  S.  Oeol.  Survey,  vol.  29,  pp.  888-985,  where  a  full  record  of  the  bofings  is  giyen. 
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the  surface  and  is  raised  by  a  commoii  force-pump.     It  is  used  for 
drinking  purposes  only. 

Additional  Suffield  wells. — The  wells  tabulated  below  are  6  inches  in 
diameter  and  are  in  greater  part  in  rock.  The  data  were  furnished  by 
Mr.  C.  L.  Grant,  well  driller. 


Serial 
No. 


Owner. 


31 
32 
33 
34 


F.AFuller 

A.  C.  Harmon 

Second  Baptist  Church 
M.  T.  Newton 


Depth  of 
well. 


Feet, 
40 
45 
60 
63 


Depth  of 
water. 


FeeL 
34 
39 
47 
49 


Yield 

per 

mmute. 


GaXUmt. 

8 

3 

4 

10 


wserr  buffikld. 


No.  35.  WeJft  Suffield.  Hotel. — This  well  is  78  feet  deep  and  4  inches 
in  diameter,  and  pumps  50  gallons  of  moderately  hard  water  a  minute. 
The  water  is  said  to  have  grown  harder  since  the  well  was  sunk. 
About  60  feet  of  the  well  is  in  rock. 

No.  36.  Mrs.  John  D.  Loorais. — Depth,  100  feet;  diameter,  4  inches; 
yield,  4  to  5  gallons  a  minute.  Almost  no  water  was  found  until  a 
depth  of  nearly  95  feet  was  reached. 


TARIFFVILLB. 


No.  37.  A.  B.  Hendryx. — Depth  of  well,  284  feet;  depth  of  water, 
278  feet;  yield,  48  gallons  a  mmute.  Greater  part  of  well  is  in  rock. 
Data  furnished  by  C.  L.  Grant,  well  driller,  of  Hartford. 


BLOOMFIELD. 


No.  38.  Douglas  cfe  Cowles. — Depth,  100  feet;  diameter,  6  inches. 
Well  flows  at  the  surface.  Greater  part  of  well  is  in  rock.  No  data 
of  yield  given.     Data  furnished  by  Grant. 


WINDSOR. 


No.  39.  Windsor  Water  Company. — Depth  of  well,  886  feet;  depth 
of  water,  326  feet;  diameter^  6  inches.  The  pump  yields  30  gallons  a 
minute,  which  lowers  the  water  5  feet.  The  series  through  which  the 
well  was  sunk  is  as  follows:  Sand,  17  feet;  clay,  56  feet;  hard  red 
gravel,  50  feet;  the  remainder  in  sandstone  with  the  exception  of  two 
layers  of  slate.  Four  analyses  of  the  water  have  been  made,  accord- 
ing to  which  it  ranges  from  moderately  hard  to  excessively  hard.  It 
would  seem  that  the  water  is  extremely  free  from  organic  impurities, 
but  shows  sulphate  of  lime  to  the  extent  of  590  parts  to  the  million. 
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It  is  extremely  hard  to  the  soap  test.  When  first  drawn  the  water  is 
said  to  give  off  a  strong  odor  of  sulphur. 

No,  JfO,  Chri^tian^im  Broth'^t's^  Wlhon  Statio7\. — Depth,  113  fe<*t: 
diameter,  6  inches;  yield,  50  gallons  a  minute.  The  well  was  drilW 
in  the  bottom  of  an  old  open  well  and  lies  in  the  rock.  The  water  i> 
good  only  for  drinking  and  garden  use.  It  is  said  that  when  the  well 
was  first  drilled  the  water  had  a  very  strong  odor,  which  disap])eared 
after  the  well  had  been  used  a  while.  Data  furnished  by  King  and 
Mather. 

No.  Ifl,  Misses  Crornpton^  Windsor  Height^i, — One  hundred  and  forty 
feet  deep,  but  of  small  diameter.  The  water,  which  is  raised  by  a 
pump,  is  of  medium  hardness.  About  500  gallons  per  week  is  the 
ordinary  consumption.     The  bottom  of  the  well  is  in  rock. 

No,  Ji2.  Dr.  R.  J.  Fisk^  Windsor  Heights. — About  135  feet  deep 
and  of  small  diameter.  The  water  is  pumped  and  hardly  supplies  the 
needs  of  the  house  and  barn.  It  is  of  medium  hardness,  much  softer 
than  that  of  the  neighboring  surface  well.  The  well  was  originally  K5 
feet  deep,  but  was  always  more  or  less  turbid.  It  was  then  deepened 
and  the  trouble  disappeared.  It  enters  the  rock.  For  analysis  see 
No.  7,  table  on  pages  108-109. 

No.  p.  C.  D.  Betd.—Dapth  of  well,  101  feet;  depth  of  water,  8l« 
feet;  diameter,  6  inches;  yield,  25  gallons  a  minute.  Greater  portion 
lies  in  rock.     Data  furnished  by  Grant. 


HAKTFORD. 


No.  44,.  Hubert  Fischer  Breioing  Company. — This  well  is  500  feet 
deep  and  has  a  diameter  of  8  inches.  The  water  rises  to  the  surface  of 
the  engine-room  floor,  and  is  pumped  at  the  rate  of  75  gallons  a  minute. 
There  is  a  difference  of  opinion  as  to  whether  the  water  is  suitable  for 
boilers.  The  well  is  drilled  in  the  Upper  sandstones,  but  unquestion- 
ably pierces  the  Posterior  trap  sheet,  which  outcrops  at  no  great  dis- 
tance to  the  west. 

Nos.  J^^  Ifi^  ]^7^  J^S^  a/iid  Ji9.  Hartford  Light  and  Power  Company.— 
The  wells  of  this  company  all  lie  in  the  rock.  The  data  were  furnished 
by  Mr.  Grant,  who  drilled  them. 

Doto  concerning  wells  of  Hartford  Light  and  Power  Company. 


Serial  No.                 Depth. 

Yield  per 
minute. 

Feet. 

1 

Qallont. 

45 

200 

I 

120 

4« 

228 

150 

47 

201 

120 

48 

200 

150 

t-tNCHoji.i    DRILLED  Wells  op  Connecticut  valley  lowland.     Sd 

The  above  wells  are  all  6  inches  in  diameter.  The  deeper  well 
described  l>elow  has  greatly  diminished  the  supply  of  the  earlier  wells 
enumemted  alx)ve.  The  data  concerning  this  fifth  well  (No.  49)  are 
as  follows; 

Depth,  620  feet;  diameter,  12  inches.  The  meter  has  shown  a 
capacity  of  125  gallons  a  minute.  The  well  is  pumped  and  gives  a 
more  copious  supply  of  water  in  rainy  weather  than  in  dry.  The 
water  is  very  hard  from  sulphate  of  lime  and  can  not  be  used  in  boilers, 
but  is  employed  for  condensing.  The  well  lies  in  rock.  These  wells 
are  said  to  have  seriously  depleted  the  supply  of  water  in  the  well  of 
the  neighboring  Plimpton  Company. 

No.  60,  Capeioell  Horsenail  Company. — This  well  was  drilled  by 
Mr.  C.  L.  Grant,  who  furnished  the  following  data:  Depth,  250  feet; 
diameter,  8  inches.  The  well  is  in  rock  and  flows.  Elisha  Gregory, 
a  well  driller  of  New  York  City,  states  in  his  "Torpedo  Circular" 
that  the  well  was  torpedoed  by  him  at  a  latter  date  and  that  as  a  result 
the  yield  of  the  well  was  increased  from  15  gallons  a  minute  to  35 
gallons.  It  is  reported  that  the  quality  of  the  water  was  injured  by 
the  process.  Inquiry  at  the  office  of  the  company  shows  that  at  last 
accounts  the  water  was  not  used  for  anything,  so  heavily  is  it  charged 
with  mineral  matter.     For  analysis  see  No.  3,  table  on  pages  108-109. 

No.  61.  Patten^ 8  dyeing  and  carpet- cleaning  estahlislinient. — Depth, 
110  feet;  diameter,  6  inches;  yield,  150  gallons  a  minute  (data  furnished 
by  Grant).  The  amount  which  is  ordinarily  pumped  is  about  70  gallons 
a  minute.     The  well  lies  in  the  rock.     The  water  is  unfit  for  boilers. 

No.  6^.  Ropkins  cJ&  Company^  breivery. — Depth,  200  feet;  diameter, 
6  inches;  yield,  60  gallons  a  minute  (data  by  Grant).  The  ordinary 
yield  of  the  well  is  25  gallons  a  minute  and  it  flows  if  left  standing. 
The  water  is  too  hard  for  boilers. 

No.  63.  Neio  Eiigland  Brewing  Company. — Depth,  462  feet;  diam- 
eter, 10  inches.  The  ordinary  yield  to  the  pump  is  350  gallons  a  min- 
ute, but  400  gallons  a  minute  have  been  pumped  without  making  any 
apparent  impression  on  the  well.     The  water  is  too  hard  for  boilere. 

No.  6i.  Coliunhia  Brewing  Company — This  was  formerly  the  Her- 
old  Capitol  Brewing  Company.  Depth,  300  feet;  diameter,  6  inches; 
yield,  250  gallons  a  minute  (data  b}'  Grant).  The  amount  of  water 
pumped  for  common  use  is  about  80  to  90  gallons  a  minute.  The 
water  is  too  hard  for  boilers. 

No.  66.  Armour  tfe  Compamj. — Depth  below  grade,  436  feet;  actual 
depth  below  floor  of  basement,  420  feet;  diameter,  6  inches.  The 
water  flows  about  1  inch  over  the  top  of  the  pipe  when  allowed  to 
stand,  which  brings  the  water  level  above  the  surface  of  a  large  part 
of  the  neighboring  land.  The  ordinary  yield  is  about  150  gallons  a 
minute  throughout  the  twenty-four  hours,  but  a  much  larger  yield 
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could  be  obtained  if  desired.     At  the  time  these  data  were  obtained  no 
report  had  been  received  on  the  sample  of  water  sent  for  analjsii^. 

No.  56.  Long  Brothers  /i^>^^.— Depth,  2(10  feet,  of  which  186  feet 
are  in  the  rook.  Diameter  of  the  portion  which  is  in  the  rock,  6  inche.-** 
The  well  is  pumped  and  yields  a  maximum  supply  of  35  gallons  a  min- 
ute. The  water  is  too  hard  for  boilers  or  for  laundry  work,  but  it  i^; 
claimed  that  its  quality  is  steadily  improving. 

No.  67.  Brady  Brothers^  hottlers. — Depth,  277  feet,  of  which  244 
feet  lie  in  the  rock.  Diameter,  6  (?)  inches.  The  well  will  yield  25 
gallons  a  minute,  but  the  amount  usually  pumped  is  9  gallons  a  min- 
ute. The  water  has  never  been  tried  in  boilers,  but  is  used  for  mak- 
ing all  kinds  of  soft  drinks.  At  times  it  becomes  clouded,  but  in  a 
few  days  It  clears  again. 

The  above  data  were  obtained  from  Brady  Brothers. 

No.  68.  Brady  Brothers. — Mr.  Grant  reports  the  following  data 
concerning  a  well  drilled  for  Brady  Brothers,  which  is  probably 
another  than  the  one  just  described:  Depth,  159  feet;  diameter,  6 
inches;  yield,  29  gallons  a  minute. 

No  69.'"Allyn  JKw^c."— Depth,  318  feet,  of  which  288  feet  are  in 
rock.  Diameter,  4^  inches;  yield,  60  gallons  a  minate.  The  ordinary 
consumption  for  eighteen  hours  is  30,000  gallons.  The  water,  which 
has  been  analyzed,  is  too  hard  for  boilers,  but  has  improved  in  quality 
with  time 

No.  60.  W.  C.  Wade^  comer  State  amd  JPront  sl/reets. — Depth,  125 
feet,  of  which  113  feet  are  in  rock.  The  maximum  yield  is  200  gal- 
lons a  minute,  though  only  50  gallons  a  minute  are  in  common  use, 
chiefly  for  refrigerating  purposes.  The  water,  which  rises  to  within 
13  feet  of  the  surface,  is  a  little  too  hard  for  boilers.  Its  summer 
temperature  is  54°  F. 

No.  61.  W.  C.  Wade,  ''Public  Market.''— ^v.  Grant  sends  data  of 
a  well  drilled  for  Mr.  Wade  at  the  "Public  Market,"  about  one-third 
of  a  mile  from  the  well  above  mentioned,  as  follows:  Depth,  225  feet; 
depth  of  water,  183  feet;  yield,  28  gallons  a  minute. 

No.  62.  Ketiey  Park. — Depth,  200  feet;  diameter,  6  inches.  The 
well  flows,  but  the  yield  was  not  given.     Data  by  Grant. 

No.  63.  Kcney  P<:/r*.— Depth  of  well,  170  feet;  depth  of  water,  138 
feet;  yield,  5  gallons  a  minute.     Data  by  Grant. 

Other  wdls  in  Hartford. — The  following  list  of  wells  in  Hartford 
was  obtained  from  Mr.  Grant.  The  wells  are  all  6  inches  in  diameter 
and  have  the  greater  part  of  their  depth  in  rock. 
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AddHional  vtUs  in  Hartford, 


Serial 
No. 

Owner. 

Depth  of 
well. 

Depth  to 
water. 

Feft. 
Ill 
87 
48 
56 
40 
37 
40 
97 
37 
12 
Flows. 
130 
30 
36 
29 
35 
40 
39 
27 
18 
16 
34 
39 
24 
30 
38 
86 
25 
40 
47 
50 
111 
215 
230 

Yield  per 
mliiiit 

64 

F.  C.  Rockwell 

Feet. 

116 

110 

57 

67 

60 

37 

62 

100 

37 

24 

74 

155 

50 

63 

49 

110 

50 

'    50 

48 

35 

28 

50 

50 

37 

60 

50 

136 

60 

70 

65 

75 

140 

240 

246 

GaUoM. 
60 

65 

K.  C.  McCune 

18 

66 

Frank  S.  Tarboz 

5 

67 

do 

3 

68 

T.  C.  Moore 

3 

69 

G.  E.  Hubbard 

8 

70 

do 

12 

71 

St.  Mary's  Home 

15 

72 

Walters.  Mather 

3 

73 

J.  Dart  &  Son 

3 

74 

do 

22 

75 

Hotopp  &  Carlsson 

10 

76 

Wm.  O'Brien 

11 

77 

Addvfon  ^  Tmpey .              . . ..... 

5 

78 

Jnhnw>n  ^  W^Ith 

10 

79 

WnL  Bogers 

5 

80 

3 

81 

A.  Hepburn 

5 

82 

C.  L.  Bailey 

12 

83 

H.J.  Abbey 

3 

84 

Andrew  Nason 

4 

85 

B.  L.  Chappell 

4 

86 

4 

87 

M.  H.  Ericksen 

10 

88 

0.  W.  Crane 

2 

89 

C.  A.  Green 

3 

90 

J.  C.  Parsons.. 

1 

91 

0.  BenfiTston 

10 

92 

8 

93 

G.  J.  Maher 

11 

94 

A.  M.  Weber 

5 

95 

D.  F,  Keenan 

10 

96 

The  ** Linden'* 

45 

97 

Hartford  Woven  Wire  Mattress  Co 

10 

WEST  HARTPORD. 


iV?>.  98.  H,  O.  Gri^jDold. — Depth,  152  feet;  diameter,  6  inches.  The 
water  has  been  analyzed,  and  contains  three  times  as  much  lime  as  is 
desirable  in  drinking  water.     In  consequence  it  is  very  hard  and  is 
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used  very  little.  The  ordinary  depth  of  the  water  is  137  feet,  but  it 
has  been  lowered  by  pumping  to  within  40  feet  of  the  bottom.  The 
well  runs  through  loam  and  hardpan  for  10  feet,  the  balance  being  in 
rock. 

Other  wells  vn  West  Hartford. — The  following  supplementary  list  is 
furnished  by  Mr.  Grant.  All  the  wells  are  6  inches  in  diameter, 
except  No.  101,  which  is  4  inches. 

Additional  wells  in  West  Hartford. 


Serial 
No. 


99 
100 
101 
102 
103 
104 
105 
106 
107 
lOS 


Owner. 


Paul  Thomson 

James  Thomson . . 
E.  0.  Wheaton... 
Mrs.  K.  Gallagher 
G.  V.  Brickley  . . . 

W.  E.  Howe 

H.  C.  Long 

L.  N.  Burt 

P.  H.  Reilly 

D.  F.  Crozers 


Depth  of 
well. 


FeeL 
40 

110 

135 

53 

30 

62 

41 

52 

206 

101 


Depth  to   Yield  per 
water.    1  minote. 


FaeL 
18 

95 

115 

44 

15 

18 

25 

39 

160 

87 


GaOonM. 
12 


35 
.34 

2J 

12 
•> 

Art 

12 

4 

42 

32 


Well  No.  107,  which  is  in  the  trap,  lies  on  the  ridge  south  of  the 
village  of  West  Hartford.  The  trap  belongs  to  the  Posterior  sheet, 
and  is  comparatively  thin.  The  thickness  of  the  trap  at  this  point  ha8 
not  been  determined,  but  at  least  two-thirds,  and  possibly  three- 
fourths,  of  the  depth  of  the  well  must  be  in  the  Posterior  shales  which 
underlie  the  sheet.  On  comparing  this  depth  with  the  depth  of  water 
in  the  well,  it  will  be  readily  seen  that  it  is  very  probable  that  the 
water  does  not  come  from  the  trap  at  all,  but  from  the  underlying 
shale.  In  consequence  the  well  can  not  with  propriety  be  classed  as  a 
well  of  the  trap. 


BURNSIDB. 


M).  109.  East  Hartford  Manufacturing  Company. — Depth  of  well, 
398  feet;  diameter,  6  inches.  No  estimate  of  the  yield  in  gallons  could 
be  obtained,  but  the  well  is  said  to  flow  constantly  1  inch  deep  over 
the  top  of  a  10-inch  pipe.  If  this  statement  is  correct,  this  is  the 
largest  flowing  well  in  the  lowland.  The  water  has  been  analyzed  by 
Springfield  chemists  and  found  to  carry  considerable  mineral  matter, 
and  is  too  hard  for  boilers.     The  well  is  entirely  in  rock. 

No.  110.  J.  H.  Wallcer^  paper  7nill. — The  water  of  the  well  is  excel- 
lent for  drinking,  but  hard.  Measurement  showed  the  well  to  be 
pumping  8  to  10  gallons  a  minute.     As  it  is  separated  from  the  last- 
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mentioned  well  only  by  the  bi*eadih  of  the  Hockanuin  River,  the  rock 
conditions  are  probably  the  same  as  in  that  well. 

BOOTH   MAHCHBSTKR. 

M.  S.  Chapman, — These  are  four  private  wells,  each  6  inches  in 
diameter,  used,  as  I  understand,  to  supply  fish  ponds.  Their  depths 
and  the  amounts  of  water  they  yield  are  shown  below: 

Wells  of  M,  S.  Chapman. 


Serial 
No. 

Ill 
112 
113 
114 

Depth. 

Yield  per 
minute. 

Feet. 
225 

125 

75 

76 

QcUUmt. 
30  to  40 

10  to  12 

2i 
None. 

The  wells  enter  the  rock  at  a  depth  of  20  feet,  and  the  first  three 
flow  at  the  surface  of  the  ground.  The  water  is  of  good  quality  and, 
it  is  said,  can  be  used  for  any  purpose,  although  it  is  distinctly  hard 
by  the  soap  test. 

No.  116.  Cheney  Brothers^  silk  manufacturers. — ^This  is  one  of  the 
most  remarkable  wells  in  the  lowland,  and  the  data  concerning  it  have 
been  carefully  preserved.  The  well  is  457  feet  deep,  and  its  diameter 
is  8  inches  for  the  first  383  feet,  below  which  it  is  only  6  inches.  The 
well  flows  at  the  surface  at  the  rate  of  250  gallons  a  minute,  while  the 
experiment  of  pumping  650  gallons  a  minute  for  ten  consecutive 
minutes  lowered  the  water  level  only  10  or  12  feet  below  the  surface. 
The  water  is  unfortunately  very  hard,  but  the  well  is  used  to  its  full 
capacity  in  washing  colored  silks,  the  water  of  the  well  remaining  at 
the  proper  temperature  summer  and  winter.  Below  the  first  12  feet 
the  entire  well  is  in  red  sandstone.  For  analysis  see  No.  6,  table  on 
pages  108-109. 

NORTH    MANCHE8TEB. 

No.  116.  F.  J.  Shar2^. — Depth  of  well,  100  feet;  depth  of  water, 
99  feet;  diameter,  6  inches;  yield,  10  gallons  a  minute.  The  water 
has  been  analyzed  and  proves  to  be  very  hard.  Eighty -one  feet  of 
the  well  lie  in  red  sandstone. 

No.  117.  American  Writing  Paper  Company  (Oakland  Paper  Com- 
pany division). — Depth,  300  feet;  diameter,  4:(?)  inches.  The  water 
flows  over  the  top  of  the  pipe  at  a  iTite  of  probably  10  to  12  gallons  a 
minute.  The  water  is  hard  and  is  used  for  drinking  purposes  only. 
The  well  lies  entirely  in  the  rock,  which,  in  the  stream  near  by,  is  seen 
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to  be  rather  loose  in  texture  and  to  be  filled  with  fragments  of  the 
crystalline  rocks  of  the  neighboring  eastern  upland. 

The  wells  east  of  Hartford  along  the  Valley  of  Hockanum  River, 
comprising  Nos.  109  to  117,  inclusive,  all  flow  at  the  surface  of  the 
ground,  except  No.  114,  which  is  dry,  and  No.  llfi,  which  rises  to 
within  1  foot  of  the  surface.  In  general  the  yield  of  these  wells  is 
exceptionally  large,  but  the  water  is  uniformly  hard. 


WBTHERSPIELD. 


The  following  data  were  kindly  furnished  by  Mr.  Grant  concerning 
wells  at  this  place. 

Wells  in  Welhersfidd, 


Serial 
No. 


lis 

119 
120 


Owner. 


J.  H.  Rabbett 
Rev.  Lynch  . 
C.I.  Allen... 


Depth  of 

well. 


Depth  to  I  Yield  per 
water.    ■  minute. 


FecL 
30 

70 

192 


PeeL 
2S 

40 

85 


GoOoiw. 

8 

35 

15 


No.  120  is  in  trap  rock.     All  are  6  inches  in  diameter. 


ROCKY   HILL. 


No.  1^2.  W.  E.  PtatL—T\i\A  well  is  located  in  the  thin  posterior 
sheet  of  trap.  It  was  drilled  in  the  bottom  of  an  old  open  well,  20 
feet  deep,  which  entered  the  rock  for  a  distance  of  6  feet.  From  this 
point  the  well  was  drilled  30  feet  through  trap  when  it  broke  into 
the  underlying  sedimentaries,  which  it  pierced  to  the  depth  of  \\  feet. 
This  well  therefore  gives  a  section  of  14  feet  of  soil,  36  feet  of  trap, 
and  \\  feet  of  sedimentary  rock — a  total  depth  of  51i  feet  This 
brings  the  bottom  of  the  well  about  50  feet  above  the  surface  of  Con- 
necticut River,  which  flows  by  it  only  a  few  hundred  feet  eastward. 
The  diameter  of  the  well  is  6  inches  and  the  maximum  amount  of  water 
obtainable  is  a  little  less  than  1  gallon  a  minute.  The  well  pumps  ^rs 
in  thirty  minutes.  The  water  is  fair  for  drinking,  but  is  excessively 
hard. 

No.  123.  J.  K.  Green.— V^^\^ih  of  well,  26  feet;  depth  of  water,  25 
feet;  diameter,  6  inches;  yield,  not  given.  The  well  is  in  trap  rock. 
Data  by  Grant. 

KENSINGTON,  BERLIN   JUNCTION. 

No.  124,.  NefH)  York.,  Nm/3  Haven  and  Hartford  RaH/road  power 
Jvouse. — Depth,  300  feet;  diameter,  6  inches;  yield,  120  gallons  a 
minute.  Data  by  Grant.  Water  is  raised  by  a  common  pump.  It  is 
permantly  hard  and  unfit  for  boilers. 
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We/lit  at  Berlin  and  Berlin  Juneti(yi\. — The  following  list  of  wells  at 
Berlin  and  Berlin  Junction  wa.s  furnished  by  Mr.  Grant.  All  are  6 
iRcheH  in  diameter. 

Additional  wells  at  BerHn  and  Berlin  Junction. 


Serial 
No. 

Owner. 

125 

Berlin  firick  Co 

126 

do : 

127 

Yale  Brick  Co 

128 

F.  L.  Wilcox 

129 

J.  B.  Smith 

NEW   BRITAIN. 

Depth  of 
well. 

Depth  to 
water. 

Feet. 

Feet. 

60 

49 

70 

62 

100 

81 

71 

40 

200 

130 

Yield  per 
minate. 


QaUofu. 


10 
6 


No,  ISO.  Hotel  Ritsswin. — ^The  depth  of  the  well  is  152  feet,  and  the 
depth  of  the  water  at  the  lowest  130  feet,  but  if  the  well  is  allowed  to 
stand  the  water  flows  at  the  level  of  the  engine-room  floor,  which  is  10 
feet  below  grade.  The  ordinary  consumption  is  fully  10,000  gallons  a 
day.  The  water  is  very  pure  and  can  be  used  for  all  purposes.  Cer- 
tain features  of  this  well  which  have  a  distinct  bearing  on  the  theory 
of  underground  flow  will  be  considered  in  connection  with  the  discus- 
sion of  that  subject. 

Other  wells. — The  following  list  is  from  Mr.  Grant: 

Additional  weUs  at  New  BriUtin. 


Serial. 
No. 


Owner. 


131 
132 
133 
134 

ia5 

136 
137 


Dennis  <&  Co  . . 
A.  J.  Sloper . . . 
A.  B.  Johnson. 
W.  E.  Bradley. 

J.  P.  Curtis 

William  Derby 
F.  B.  Wiachek. 


Depth  of 
well. 


Feel. 

195 
70 
60 
40 

250 
50 
50 


Depth  to 
water. 


Feet. 


22 
237 
.31 

38 


Yield  per 
minute. 


QcUlons. 

40 

45 

12 

4 

12 
6 
6 


Nos.  132  and  134  are  sunk  in  the  trap  of  the  Posterior  sheet  and 
may  lie  entirely  in  volcanic  rock.  All  the  wells  are  6  inches  in 
diameter. 


CROMWELL. 


No8.  138  amd  139.  New  England  Brownstone  qvm^ry. — The  wells 
are  63  feet  and  132  feet  deep,  respectively.  The  water,  which  was 
raised  with  a  pump,  was  thoroughly  tried  in  the  boilers  and  was  found 
totally  unfit  for  the  purpose. 
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MIDDLETOWN. 


No,  lIiO.  GiMulyear  Rubber  ConqHiny. — The  well,  which  is  384  feet 
deep  and  6  inches  in  diameter,  pumps  about  40,<X)0  gallons  in  twenty- 
four  hours,  or  nearly  30  gallons  a  minute.  The  water  is  called  good, 
but  has  not  been  tried  in  the  lx)ilers  on  the  ground  that  it  would 
probably  prove  too  hard.  It  is  reported  that  the  well  flowrs  at  the 
surface.  For  analysis  of  water  from  a  Middletown  well,  see  No.  i^ 
table  on  pages  108-109. 

HERIDBN. 

No8,  lli^l-HIy.  Edward  Miller  ik  Co, — There  are  on  the  premises 
of  this  company  five  artesian  wells,  all  8  inches  in  diameter,  rang- 
ing from  250  to  300  feet  deep,  and  bored  into  red  sandstone  rock, 
which  at  this  place  lies  from  6  to  10  feet  below  the  surface  of  the 
ground.  The  output  of  these  wells  was  measured  when  they  were 
first  bored  and  varied,  in  the  different  wells  from  10  to  80  gallons  per 
minute.  The  supply  thus  measured  was  obtained  by  means  of  an  ordi- 
nary suction  pump,  which,  operated  at  the  rate  named,  lowered  the 
water  about  25  feet  below  the  surface — as  low  as  it  could  be  pumjx?d 
with  that  form  of  apparatus.  A  few  years  ago  the  Pohle  air  system 
was  installed  for  raising  the  water  from  the  wells.  This  system  works 
by  compressed  air  and  forces  the  water  from  depths  of  70  to  90  te^i. 
With  this  apparatus  a  very  greatly  increased  output  was  obtained, 
which  now  supplies  all  the  needs  of  the  company.  The  water  from 
these  wells  is  all  discharged  into  one  large  system,  from  which  it  is  cir- 
culated through  the  factory.  It  is  not  easy  to  determine  exactly  the 
amount  of  water  used,  but  })y  estimate  it  is  between  75,(X)0  and  lO0,in.N» 
gallons  a  day  of  ten  hours.  There  is  no  doubt  a  much  larger  quantity 
than  this  could  be  obtained  if  needed.  The  water  is  satisfactory  for 
all  manufacturing  purposes  except  for  making  steam,  for  it  holds 
considemble  mineral  matter  in  solution  and  is  rather  hard  for  use  in 
l)oilei*s. 

No,  llfi,  FoHtrr,  Mei-riam  ik  «>.— The  well  is  3(X)  feet  deep,  2(H> 
feet  of  which  are  in  rock.  The  well  flows  at  the  surface  if  allowed 
to  stand,  and  pum{)s,  at  the  mnxinuun,  10,(M)()  gallons  an  hour — about 
170  gallons  a  minute.  The  water  is  too  hard  for  boilers  and  contains 
a  certain  amount  of  sand.  The  outer  pipe  is  8  inches  in  diameter  and 
the  inner  6  inches. 

No,  H7,  Tiiter'national  Silver  Company,,  Factory  "^"  (Meriden 
Britannia  Company). — Depth  of  well,  560  feet;  depth  of  water  when 
the  well  is  not  pumped,  555  feet;  diameter,  6  inches.  No  data  of 
yield  could  be  obtained.  The  water  is  very  hard  and  wholly  unfit  for 
boilers.  The  section  traversed  in  drilling  is  as  follows:  Soil,  9  feet; 
gravel,  18  inches;  quicksand,  90  feet;  balance  mostl}'  rock. 


PVNrnoN.J      DRILLED  WELLS  OF  CONNECTICUT  VALLEY  LOWLAND.       91 


X(p,  US,  Meruien  Curtain  Fixture  Company,  ~\y^^W\^  305  feet; 
diameter,  6  inches.  The  amount  of  water  in  common  use  for  a  working 
day  of  10  hours  is  15,000  gallons,  or  about  25  gallons  a  minute.  The 
water  is  suitable  for  use  in  l)oilers.     About  255  feet  of  the  well  are  in 


rock. 


WBLIil   AT  OTHRR   PLACEH    IN    NKW  HAVEN   ('OlTIfT\',  COjrK. 


The  following  data,  which  have  l>cen  put  in  tabular  form,  were 
received  from  Mr.  Grant: 

Additional  tvellJi  of  Connecticut  Valley. 


^N^  '                 Town. 

Owner. 

Depth  of 
well. 

Feet. 

100 

67 

90 

150 

50 

36 

60 

40 

83 

102 

116 

125 

85 

50 

67 

50 

56 

13 

65 

50 

58 

48 

Depth  to 
water. 

Yield  per 
minute. 

149 

Yalesville 

G.  I.  Mix  ACo 

Feet. 

22 
72 

17 
21 

Flows. 

Flows. 

100 
115 
58 
40 
40 
42 
47 
11 
52 
35 
33 
37 

Gallons. 
40 

150 

West  Cheshire 

Mount  Carmel 

Quhinipiac! 

North  Haven 

Whitney  ville 

J.  H.  Yale 

3 

151 

C.  W.  Michaels 

152 
153 
154 

Chesliire  Manufacturing  Co. 

Chas.  Wheeler 

Sylvester  Peck 

100 
6 
5 

155 

H.  D.  Clark 

22 

156 

C.  T.  Stevens 

4 

157 

F.L.  Stiles 

35 

158 

I.  L.  Stiles  &  Son 

30 

159 

H.  P.Smith 

18 

160 

N.  W.  Hine 

16 

161 

H.  Stadtmiller 

5 

162 
163 

J.  H.  Burton 

W.  F.  Downer 

22 
5 

164 

W.  F.  Downer 

7 

165 

Edward  Davis 

11 

166 

Edward  Davis. 

20 

167 

G.  W.  Ives 

8 

168 

Mr.  Brock 

24 

169 

Mr.  Johnson 

25 

170 

W .  Mansfield 

These  wells  are  all  6  inches  in  diameter,  and  probably  all  of  them 
enter  rock,  except,  possibly.  No.  166. 


NEW   HAVEN. 


JV(j.  171.  Hoyt  Beef  and  Produce  Comjxiny, — Depth,  600  feet,  of 
which  200  feet  only  are  in  rock;  diameter,  6  inches.  The  well  flows 
at  the  rate  of  3  gallons  a  minute,  yielding  water  of  very  good  quality 
which  has  not  been  analyzed. 
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No,  17^.  Lavigne  Automatic  Machine  Conijmny, — Depth,  95  feet; 
diameter,  6  incbe8;  yield,  12  to  15  gallons  a  minute.  The  data  con- 
cerning the  quality  of  the  water  seem  to  be  favorable  in  a  general 
way.  The  well  passes  through  5S  feet  of  quicksand  and  42  feet  of  red 
sandstone. 

No.  173.  New  England  Dairy  Company. — Depth  about  160  feet; 
diameter  of  outside  pipe  6  inches,  and  of  inside  pipe  4  inches;  3'ield, 
20  gallons  a  minute.  About  95  feet  of  the  well  are  in  rock.  The 
water  can  be  used  in  boilers.  For  analysis  see  No.  12,  table  on  pages 
108-109. 


OTHER   WKLL8  NEAR  NEW   HAVEN. 


The  following  data  from  New  Haven  and  other  towns  of  the  lower 
valley  are  from  Mr.  Grant: 

AddUioncd  weUs  at  New  Haverif  Northford,  and  Moritowofe. 


Serial 
No. 


174 
175 
176 
177 
178 
179 
180 


Town. 


New  Haven 


Northford  . 
Montowese 


Owner. 


G.  W.  Ives  &  Son.. 

do 

Seamless  Rubber  Co 
H.  H.  Olds  &  Co... 

N.  W.  Capin 

L.  A.  Smith 

J.  F.  Barnes  &  Co.. 


Depth  of 
well. 

Depth  to 
wat«f. 

/fe«(. 

FxL 

50 

Flows. 

200 

160 

75 

40 

245 

134 

50 

Flows. 

36 

32 

Yield  per 
minate. 


GaBomt, 


10 

10 

5 

40 


All  are  6  inches  in  diameter. 


FAIR  HAVEN. 


No.  181.  J.  R.  Emg. — Depth,  203  feet;  diameter,  6  inches.  When 
pumped  at  the  I'ate  of  40  gallons  a  minute  the  water  level  did  not  fall 
at  all.  The  well  is  entirely  in  rock,  and  no  water  was  found  until  after 
a  depth  of  100  feet  was  reached.  The  water  gave  no  scale  when  used 
in  boilers.  Data  are  from  R.  A.  Mather,  of  King  &  Mather,  well 
drillers. 

WELLS   STOPPING   AT   SURFACE   OF   ROCK. 


Another  group  of  wells  of  an  entirely  different  nature  from  those  of 
the  previous  list  comprises  the  deep  wells  of  the  drift,  which  were 
sunk  to  the  top  of  the  rock  and  stopped  at  that  point.  Data  concern- 
ing a  few  of  these  are  given  on  the  following  pages. 
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WELLS  IN  MASSACHUSETTS.  I 

NORTH  AMFTON. 


No.  182.  Bddi/ng  Brothers^  Silk  Compcmy. — ^This  well  is  a  close 
neighbor  of  the  famous  dry  well,  No.  1,  of  this  paper.  It  passes  at  a 
considerable  depth  through  a  dense  layer  of  some  sort  and  then  con- 
tinues through  gravel  to  the  rock,  which  is  here  150  feet  below  the 
surface.  The  yield  of  20  gallons  a  minute  does  not  materially  affect 
the  water  level,  which  is  about  20  feet  below  the  surface  of  the  ground. 
The  water,  which  has  not  been  analyzed,  can  be  used  in  boilers,  but  is 
principally  employed  in  dyeing.    The  diameter  of  the  well  is  12  inches. 


BFRINGFISLD. 


Hos.  111.  and  IS.  Springfield  Breweries  Compomy. — ^These  wells  and 
the  rock  well  belonging  to  the  same  company  have  been  mentioned  on 
an  earlier  page  of  this  paper,  under  the  numbers  here  given,  and  do 
not  need  further  description.  It  is  interesting,  however,  to  note  that 
the  quality  and  quantity  of  the  water  changes  as  soon  as  the  rock  is 
entered. 

No.  183.  Phelps  PiMishi7ig  Company. — Depth,  78  feet;  diameter, 
2i  incheb;  ;J'ield,  10  gallons  a  minute.  The  water  is  too  hard  for 
boilers  but  is  excellent  as  drinking  water.  This  well,  which  stops  at 
the  rock,  is  pumped. 

No.  184-.  Cooley^s  Hotel. — This  is  a  driven  well,  86  feet  deep  and  2i 
inches  in  diameter,  that  yields  over  20  gallons  of  water  a  minute.  The 
water  is  soft  and  could  probably  be  used  for  boilers.  The  well  runs 
to  the  surface  of  the  rock,  at  which  point  the  water  is  obtained. 

WELLS  IN   CONNECTICUT. 
MERIDBN. 

Nos.  186^  186,  187,  188,  and  189.  Bradley  <&  Hubhard  Manufactur- 
ing Compam/y. — In  1890,  five  wells,  each  8  inches  in  diameter,  were 
driven  to  the  rock  by  this  company,  reaching  the  following  depths: 
No.  1,  203  feet;  No.  2,  208  feet;  No.  3,  256  feet;  No.  4,  327  feet;  No. 
5,  281  feet.  Only  Nos.  1,  2,  and  3  are  used,  as  Nos.  4  and  5  did  not 
produce  water  enough  to  pay  for  connecting.  No  estimate  of  the 
amount  of  water  obtained  from  Nos.  1,  2,  and  3,  separately,  can  be 
given;  but  the  three  wells  together  furnish  about  6,000  gallons  an  hour. 
None  of  the  wells  flow.  The  water  is  of  fair  quality,  but  is  rather 
hard  for  use  in  boilers. 

These  five  wells,  all  over  200  feet  deep,  run  to  the  rock  only. 
Besides  their  interest  from  the  standpoint  of  the  water  supply,  they 
give  some  very  interesting  suggestions  concerning  the  depth  of  the 
unconsolidated  deposits  at  this  point,  and  they  hint  at  the  presence  of 
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a  very  deep  depression  in  the  underlying  sedimentary  rocks  along*  the 
general  line  of  the  great  fault  which  separates  the  Hanging  HilLs  c« 
the  west  from  Ijamentation  Mountain  on  the  east. 

It  should  be  noted  that  in  this  paper  no  account  is  given  of  thiy^ 
wells  which  lie  wholly  in  the  unconsolidated  deposits  of  the  area  and 
which  do  not  come  into  relation  with  the  rock  at  all.  There  are  manv 
of  these  wells,  and  they  seem  to  be  especially  in  favor  in  the  region 
lying  between  Springfield  and  Holyoke  and  along  the  Chicopee  River. 
They  present  innumerable  local  problems  of  a  diverse  and  often  <-oni- 
plicated  nature,  and  any  results  which  might  be  obtained  from  their 
study  would  be  of  relatively  little  economic  importance. 


TRIASSIC  ROCKS  OF  THE  CONNECTICUT  VALLEY  AS 

A  SOURCE  OF  WATER  SUPPLY. 


By  M.  L.  Fuller.  « 


INTRODUCTION. 

In  the  foregoing  paper  of  Mr.  W.  H.  C.  Pynchon  detailed  descrip- 
tions have  been  given  of  a  large  number  of  wells  of  the  Triassic  area 
of  Massachusetts  and  (!)onnecticut,  together  with  a  considerable  amount 
of  data  relating  to  the  quantity  and  quality  of  the  water  supplies  which 
arc  obtained.  Many  facts  bearing  upon  the  occurrence  of  the  waters 
have  been  presented  and  certain  deductions  that  are  of  local  applica- 
tion have  been  made. 

The  purpose  of  this  paper  is  to  supplement  the  foregoing  by  a  gen- 
eral summary  of  the  water  conditions  in  their  broader  relations  and  to 
point  out  the  significant  features  of  the  water  supply  of  the  region. 
The  effoii;  has  been  made  to  describe  these  features  as  concisely  as 
possible  rather  than  to  present  elaborate  discussions. 

In  addition  to  the  conclusions  presented,  a  few  notes  on  points  of 
special  interest  to  the  driller  have  been  appended. 

UNDKRGROUND  WATER  CONDITIONS  IN  THE  AREA. 

SOURCES  OP  WATER. 

GONOLOMEBATES. 

Near  the  edge  of  the  area,  where  the  Triassic  beds  are  in  contact 
with  the  adjacent  crystalline  rocks,  both  on  the  eastern  and  western 
sides,  there  are  somewhat  marked  bands  of  conglomerates  which  were 
deposited  along  the  shores  of  the  Triassic  sea  that  occupied  the  basin. 

a  The  deecriptive  portions  relating  to  wells  are  based  on  the  field  observations  of  Mr.  W.  H.  C. 
Pynchon  and  are  compiled  from  notes  furnished  by  him.  The  present  writer  alone,  however,  is 
responsible  for  the  Interpretations  of  the  various  features  and  for  the  views  expressed  in  regard  to 
the  natore,  condition,  and  prospects  of  the  water  supplies  in  the  Triassic  area. 
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The  pebbles  of  the  conglomerate  were  derived  from  the  adjacent  crys- 
talline rocks,  and  some  of  them  are  of  large  size.  The  matrix  is  of 
various  degrees  of  fineness,  ranging  from  coarse  sand  to  clay.  In 
Massachusetts  the  conglomerate  on  the  west  side  of  the  Triassic  area 
is  known  as  the  Sugarloaf  arkose  and  on  the  east  side  in  part  as  the 
Sugarloaf  arkose  and  in  part  as  the  Mount  Toby  conglomerate,  the 
latter  occurring  in  a  narrow  belt  between  the  Sugarloaf  arkose  and 
the  crystalline  border  in  the  southern  part  of  the  State.  The  same 
bands  extend  into  Connecticut  and  possibly  continue  throughout  the 
entire  southern  part  of  the  ai:ea,  but  they  have  not  yet  been  differen- 
tiated in  that  region. 

The  conglomerates  of  the  western  border  would  at  first  sight  seem 
to  offer  greater  possibilities  for  the  storage  of  artesian  waters  than 
any  other  rocks  in  the  valley.  They  present  their  upturned  edges  to 
the  waters  that  pour  down  from  the  western  upland  and  are  compara- 
tively undisturbed  by  fracture  and  displacement,  but  because  of  their 
situation,  outside  of  the  immediate  Connecticut  Valley,  where  the 
principal  towns  are  located,  very  few  deep  welb  have  been  sunk  in 
them,  and  it  is  therefore  impossible  to  say  whether  actual  resulus 
would  agree  with  the  assumed  conditions.  The  few  deep  wells  near 
the  western  border  of  which  records  are  at  hand  do  not  reach  the 
avemge  depth  of  those  of  the  central  portion  of  the  valley,  and  the 
fact  that  these  few  wells  obtain  only  very  moderate  supplies  is  there- 
fore Inconclusive.  Farther  away  from  the  border,  as  at  Northampton, 
a  well  was  sunk  to  a  depth  of  3,700  feet  through  rocks  cla^^^d  by 
Professor  Emerson  as  Sugarloaf  arkose  without  encountering  water. 
Again,  near  Westfield,  a  well  was  sunk  at  Daniel  Brothers'  paper  mill 
to  a  depth  of'  1,100  feet  in  the  Sugarloaf  arkose,  likewise  without 
success.  In  fact,  so  far  as  is  known,  nearly  all  well^  that  have 
reached  great  depths  without  procuring  water  have  been  sunk  in  the 
conglomerate  or  arkose. 

On  the  eastern  side  of  the  valley  the  conditions  are  less  favorable  than 
on  the  west.  The  eastward  sloping  beds  of  the  narrow  belt  of  Mount 
Toby  conglomerate  that  lies  at  its  contact  with  the  crystalline  roi'k> 
along  the  eastern  edge  of  the  area  abut  against  a  system  of  faults  that 
presumably  constitutes  an  extended  line  of  leakage,  drawing  water 
from  the  adjacent  conglomerates. 

SANDSTONES. 

Distribution  and  charcLcter. — ^The  sandstones,  because  of  their  great 
area  and  their  water-holding  capacity,  are  the  principal  source  of 
water  in  the  Triassic  area.  Except  for  the  conglomerate  belts  along 
the  eastern  and  western  boundaries,  the  shale  band  near  Connecticut 
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River  at  Che  center  of  the  valley,  and  the  trap  ridges,  the  main  portion 
of  the  area  of  Triassic  rocks  is  underlain  by  sandstone.  Many  impor- 
tant towns  are  located  in  the  sandstone  area  and  a  large  number  of 
wells  obtain  good  supplies  of  water  from  this  rock. 

In  character  the  sandstones  vary  from  fine  to  coarse  grained,  and 
are  usually  some  shade  of  red  or  brown  in  color,  though  buff  and  other 
varieties  are  known.  They  are  often  of  very  even  texture  and  fre- 
quently occur  in  thick  beds,  so  that  from  many  standpoints  they 
constitute  an  admirable  building  stone,  for  which  purposes  they  are 
extensively  quarried,  especially  at  Longmeadow  in  Massachusetts  and 
Portland,  Cromwell,  and  Tolland  in  Connecticut.  They  are  inter- 
spersed with  beds  of  shale  ranging  in  thickness  from  mere  films  up  to 
beds  many  feet  thick,  which  frequently  serve  as  confining  strata  for 
the  water-bearing  beds. 

A  test  of  the  brownstone  from  Portland,  Conn., ^  shows  that  this 
sandstone  when  previously  dried  and  then  inunersed  in  water  for  three 
months  will  increase  in  weight  from  150  to  154  pounds,  showing  an 
absorptive  ratio  of  4  to  150  or  about  one-fortieth  of  the  weight  of 
the  block.  This  is  equivalent  to  approximately  2  quarts  of  water  to 
every  cubic  foot,  and  shows  that,  under  favorable  conditions,  the  rock 
has  immense  capacity  as  a  reservoir. 

Wdter  supply. — ^The  sandstones  may  be  studied  to  good  advantage 
in  the  quarries  which  lie  within  their  borders  at  Longmeadow,  Crom- 
well, or  perhaps  best  of  all  in  the  great  brownstone  quarries  at  Port- 
land, directly  across  the  Connecticut  River  from  Middletown,  Conn. 
Here  great  pits  have  been  opened  in  the  sandstone  to  a  depth  of  200 
feet,  and  the  water-bearing  character  of  the  rocks  may  be  studied. 
Although  the  sandstone  when  quarried  contains  a  certain  amount  of 
"quarry  water"  when  first  removed  from  the  pit,  no  water  appears 
to  percolate  from  the  face  of  the  stone,  but  water  everywhere 
emerges  from  along  the  bedding  planes,  especially  along  the  shaly 
parting^,  where,  dripping  down,  it  darkens  the  quarry  walls  over  large 
surfaces.^  The  water  flows  chiefly  down  the  slope  of  the  dip  and 
enters  the  rock  in  greatest  amount  during  the  spring  months,  at  which 
period  slight  amounts  may  also  enter  from  the  opposite  side.  The 
beds  slope  from  the  Connecticut  River  toward  the  quarry,  but  the 
fluctuation  in  the  amount  of  water  entering  the  quarry  with  the  season 
indicates  its  derivation  directly  from  rainfall  or  melting  snows. 
Throughout  the  busy  season  pumps  keep  the  quarries  sufficiently  clear 
of  water  to  permit  work  to  be  done. 

A  well  showing  features  somewhat  analogous  to  those  seen  at  the 

aBtone,  TOl.  9,  June,  18M,  p.  20.  fr Stone,  vol.  9,  pp.  42-48, 1896. 
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quarries  is  located  at  the  bottling  establishment  of  M.  M.  Bacon,  on 
Morris  street,  Hartford.  It  is  an  open  well,  34  feet  deep  and  about 
2i  feet  in  diameter,  about  14  feet  of  its  depth  being  in  shales.  In  one 
corner  of  the  bottom  of  this  well  is  a  fissure  large  enough  to  allow 
the  insertion  of  the  fingers,  from  which  the  water  flows  in  such  abun- 
dance that  it  is  impossible  to  keep  the  well  dry  enough  for  convenient 

cleaning.  The  draft  on  this  well 
is  a  thousand  gallons  a  day  the 
year  round,  and  in  summer  it 
will  amount  to  half  as  much 
again.  Though  this  well  is  in  a 
city  of  90,000  inhabitants,  and  is 
situated  at  the  foot  of  a  consid- 
erable drainage  slope,  yet  the 
analysis  which  the  city  made  of 
nG.2o.— DeppoMion  of  water  supiace  at  point  of      the  Water  shows  that  it  is  Very 

leakage  In  sandstone.  DUre. 

From  the  fact  that  the  entrance  of  water  into  the  quarries  and  in  the 
well  mentioned  is  from  the  bedding  planes,  it  might  appear  that  but 
little  was  contained  in  the  body  of  the  sandstones  themselves.  This 
appearance  is,  however,  probably  due  to  the  artificial  conditions  of 
the  exposures  in  the  quarries.  The  sandstone,  because  of  its  open 
and  porous  texture,  probably  behaves  much  like  a  homogeneous  mass 
of  sand,  from  which  the  flow  or  leakage  takes  place  along  its  contact 
with  an  underlying  impervious  bed  or  at  the  level  of  saturation.  In 
such  a  mass  the  water  table,  as  the  upper  surface  of  the  water  body 
which  it  contains  is  called,  is  depressed  at  the  point  of  leakage,  but 
rises  gradually  as  the  distance  from  the  point  of  outflow  increases 
(see  fig.  20).  Thus,  in  a  sandstone  bed  it  is  but  natural  that  the  out> 
flow  should  be  only  at  its  base,  although  perhaps  a  few  feet  back  from 
the  exposed  face  the  whole  bed  may  be  saturated.  This  is  true  of 
practically  all  natural  outcrops,  even  of  the  famous  water-bearing 
Dakota  and  similar  sandstones  of  the  central  West. 

SHALES. 

Character, — The  largest  body  of  shales  in  the  Triassic  area  occurs 
near  the  central  part  of  the  valley,  in  the  vicinity  of  Connecticut 
River.  They  are  known  in  Massachusetts  as  the  Chicopee  shale,  are 
grayish  in  color,  and  are  interbedded  with  many  sandstone  layers.  At 
the  bottom  they  grade  into  the  Longmeadow  sandstone.  In  addition 
to  the  Chicopee  shales,  occasional  thin  shaly  beds  occur  in  the  sand- 
stones or  (conglomerates  throughout  the  entire  area. 

Theoretically  shales  are  not  at  all  adapted  to  hold  ground  water^ 
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but  in  the  shaly  rocks  under  discussion  there  is  considerable  lime, 
and  possibly,  in  the  deeper  portions,  salt  and  gypsum,  which  by  solu- 
tion may  readily  give  rise  to  channels  for  underground  waters.  The 
interbedded  sandy  layers  and  the  bedding  planes  themselves  would 
also  furnish  numerous  channels  for  the  passage  of  such  waters. 

Water  supply. — ^That  the  shales  bear  considerable  quantities  of 
water  is  apparently  shown  by  the  success  of  the  wells  at  Holyoke, 
Springfield,  and  other  points  in  the  belt  of  the  Chicopee  shales, 
although  it  is  not  impossible  that  the  deeper  wells  enter  the  under- 
lying Longmeadow  sandstone  and  obtain  a  part  of  their  supply  from 
that  formation.  Among  such  wells  may  be  mentioned  Nos.  3,  4,  5,  7, 
9, 10,  11,  and  12,  mentioned  by«Mr.  Pynchon  in  the  preceding  paper. 
Wells  16  to  22  generally  start  in  the  Chicopee  shales,  although  several 
of  them  may  penetrate  sandy  beds,  probably  of  the  underlying  Long- 
meadow  sandstones. 

Depth  of  wells. — Of  the  wells  noted,  two  are  between  100  and  200 
feet,  five  between  200  and  300  feet,  four  between  300  and  400  feet, 
two  between  400  and  500  feet,  and  three  over  500  feet.  This  indicates 
that  in  general  the  wells  must  be  fairly  deep  in  order  to  obtain  satis- 
factory supplies  in  the  shale  area. 

Cluvracter  of  vxUer. — Because  of  the  presence  of  lime  and  other 
soluble  mineral  substances  the  waters  from  the  shales  are  generally 
highly  mineralized  and  can  seldom  be  used  in  boilers. 

TRAPS. 

Catchment  conditions. — Of  "the  rocks  of  the  Triassic  area  the  traps 
present  the  most  unfavorable  conditions  for  water  storage.  This  is 
because  of  the  lack  of  porosity  of  the  rock  itself  and  of  the  absence  of 
bedding  planes  along  which  the  water  might  flow.  Superficially  they 
are  extensively  jointed  and  would  absorb  and  hold  much  water  if  the 
open  joints  reached  any  considerable  depth.  It  is  probable,  however, 
that  below  a  relatively  few  feet  from  the  surface  the  joints  are  in  many 
places  not  sufficiently  open  to  admit  the  passage  of  water.  Moreover, 
the  form  of  their  outcrops  is  most  unfavorable  for  the  reception  of  the 
surface  waters,  as  their  exposed  edges  stand  high  above  the  surround- 
ing plain,  and  usually  rest  upon  an  elevated  pedestal  of  sediments. 
The  western  faces  of  the  trap  ridges,  on  which  side  they  are  most 
eroded,  are  precipitous  cliffs,  while  their  unbroken  eastern  slopes, 
plunging  downward  toward  the  plain  at  an  angle  of  about  15^,  send 
the  waters  collected  from  the  rains  in  rushing  brooks  to  the  lowland. 
Indeed,  throughout  the  valley  the  foot  of  the  eastern  slope  of  the 
Main  sheet  of  trap  is  the  favorite  location  for  reservoirs.    Hartford 
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receives  its  water  supply  from  a  chain  of  sucli  lakes  that  stretches  for 
several  miles  along  the  eastern  foot  of  the  Talcott  Range,  while  th«re 
are  at  least  five  reservoirs  that  use  as  their  watershed  the  back  slopes 
of  the  Hanging  Hilk.  Farther  down  the  valley  Beseck  Lake,  Paug 
Pond,  and  Lake  Saltonstall  derive  their  supply  from  similar  sources. 

Wdls  in  the  trap. — Among  the  more  interesting  of  the  wells  deriving 
their  supply  from  the  trap  are  those  at  Cedar  Mountain,  Wethersfield,, 
just  southwest  of  Hartford  (No.  121,  B.  and  C,  of  Mr.  Pynehon). 
These  wells  are  on  the  property  of  Dr.  Gordon  W.  Russell,  who  sunk 
the  wells  largely  as  an  experiment,  and  who  has  shown  much  interest  in 
scientific  matters.  The  mountain  is  a  part  of  the  ridge  of  the  Main 
trap  sheet,  and  has  a  maximum  elevation  of  about  360  feet  above  the 
sea.  Its  western  face  is  very  steep,  dropping  250  feet  to  the  plain 
within  a  distance  of  two-fifths  of  a  mile,  and  is  actually  precipitous 
near  the  summit.  The  eastern  face  slopes  more  gradually,  dropping 
about  120  feet  to  the  valley,  occupied  by  shales,  about  three-fifths  of 
a  mile  distant.     It  is  in  all  respects  a  typical  trap  ridge. 

Well  A  is  an  ordinary  open  well  and  was  dug  to  supply  the  needs 
of  the  farm  house.  It  was  opened  9  or  10  feet  to  the  rock,  but  the 
water  became  shallow  in  summer.  It  was  then  sunk  1  or  2  feet  into  the 
loose,  greatly  jointed  surface  trap,  and  has  since  given  an  abundance 
of  water  for  domestic  uses.  The  supply,  however,  fluctuates  regu- 
larly with  the  wetness  or  dryness  of  the  season.  From  the  well  mouth 
the  mountain  side  with  its  drift  covering  rises  steadily  for  two-fifths 
of  a  mile  to  the  west  till  it  reaches  the  crest,  which  is  about  100  feet 
above  the  well.  The  supply  is  clearly  the  surface  water  contained  in 
the  soil  and  in  the  heavily  jointed  upper  surface  of  the  trap,  the  source 
also  of  a  little  stream  which  lies  a  little  farther  up  the  ridge. 

Well  B  is  located  about  200  feet  south  of  well  A.  It  passes  through 
9  feet  of  soil  and  then  through  about  290  feet  of  trap  rock,  at  which 
point  the  string  of  drilling  tools  wedged  fast,  possibly  along  a  joint 
plane.  The  well  is  6  inches  in  diameter.  On  illuminating  it  brightly 
for  a  considerable  depth,  by  light  reflected  from  a  mirror,  it  appeared 
that  no  water  came  into  it  except  from  the  shattered  upper  surface  of 
the  trap  sheet,  as  in  well  A.  The  drill  had  not  entered  the  underlying 
sediments  when  the  well  was  visited  in  1902,  notwithstanding  the  &ct 
that  the  bottom  of  the  well  was  much  below  the  level  of  the  western 
plain. 

Well  C  is  located  about  three-fourths  of  a  mile  farther  south  and  a 
little  f aither  east  than  the  other  two  wells.  It  has  a  depth  of  103  feet 
Ijb  was  thought  from  the  residue  brought  up  by  the  sand  bucket  that 
the  well  entered  the  sedimentary  beds  below,  but  in  view  of  the  record 
of  well  B  ai;id  the  thickness  of  the  Main  sheet,  this  is  extremely 
doubtful.    Water  was  struck  at  a  depth  of  38  feet  from  the  sur&ce, 
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in  a  joint,  the  yield  being  32  gallons  an  hour.  At  the  present  depth 
the  well  is  capable  of  giving  90  gallons  an  hour,  the  water  probably 
coming  through  joints  from  a  level  below  the  well  bottom,  and  rising 
to  within  25  feet  of  the  surface.  During  the  drilling  light  was  reflected 
down  the  bore  and  water  was  seen  coming  in  through  the  trap,  and, 
in  the  opinion  of  the  driller,  Mr.  H.  B.  King,  of  Hartford,  from  the 
down-hill  side.  However  this  may  be,  we  have  here  a  well  near  the 
summit  of  the  mountain  whose  bottom  is  above  the  level  of  the  low- 
lands on  either  side,  with  water  coming  in  through  the  trap  and  rising 
to  a  point  about  175  feet  above  the  plain  three-fourths  of  a  mile  to  the 
west  and  about  70  feet  above  the  valley  one-fourth  of  a  mile  to  the 
east.     The  top  of  the  well  is  about  280  feet  above  sea  level., 

GEOLOGY. 
STRUCTURE. 

Attitude  ofheds. — ^The  dip  of  the  beds  of  the  Triassic  area  averages 
about  15^,  or  nearly  2,000  feet  to  the  mile.  The  catchment  area  of  an 
individual  bed  having  a  dip  as  steep  as  this  is  very  narrow  as  compared 


Fio.  21.— Outcrop  of  bed  dipping  \fP. 


Fig.  22.— Oatcrop  of  bed  dipping  5°. 


with  that  of  a  more  gently  inclined  bed.  Thus,  in  figs.  21  and  22  beds 
having  the  same  thickness  and  dipping  15^  and  5*^,  respectively,  are 
represented  as  outcropping  on  a  level  surface.  It  will  be  seen  that 
the  catchment  area  is  smaller  at  the  outcrop  of  the  more  steeply 
dipping  bed. 


Fio.  28.— ConditionB  and  beds  enoountered  by  wells. 

Because  of  the  steep  dips  and  the  rapidity  with  which  the  beds  are 
carried  to  great  depths  a  single  water  horizon  is  available  only  within 
very  narrow  limits.  In  fact,  in  going  from  west  to  east  practically 
every  well,  unless  the  wells  are  very  close  to  one  another  or  penetrate 
to  a  great  depth,  draws  from  a  separate  horizon  (see  fig.  23).  This  is 
the  explanation  of  the  great  variability  in  the  quantity  and  quality  of 
the  water  drawn  from  wells  in  the  Triassic  area. 

Along  the  western  rim  of  the  area  the  Triassic  rocks  lie  about  200 
feet  higher  than  in  the  lowlands  of  the  Connecticut  Valley.    If  the 
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beds  were  continuous  and  were  near  enough  to  the  surface  in  the  center 
of  the  valley  to  be  reached  by  the  drill,  artesian  flows  would  probably 
be  uniformly  obtained.  In  reality,  however,  the  beds  are  not  contin- 
uous, but  are  broken  by  faults  along  which  the  waters  can  escape^ 
and,  moreover,  they  lie  at  such  great  depths  that  they  can  not  be 
economically  reached.  The  bed  from  which  a  500-foot  well  draws  its 
supply  will  outcrop  within  about  a  quarter  of  a  mile  of  the  well. 

Direction  of  movement  of  water. — Although  extensive  artesian  fields 
are  unknown,  and  are  in  fact  not  to  be  expected,  isolated  flowing  wells 
sometimes  occur.  A  number  have  been  mentioned  in  the  description 
of  the  wells  by  Mr.  Pynchon,  pages  76  to  96  of  this  report.  In  most 
instances  the  water  moves  down  the  dip,  but  in  a  few  wells  the  reverse 
seems  to  be  true. 

A  well  of  the  Connecticut  Valley  Brewing  Company,  at  Thompson- 
ville  (No.  26  of  Mr.  Pynchon's  list),  is  located  on  a  neck  of  land  that 
projects  westward  into  the  Connecticut  River,  to  which  a  steeply 
sloping  bank  is  presented.  The  water  is  obtained  from  the  rock  about 
30  feet  from  the  surface,  the  water-bearing  bed  rising  toward  the 


Fig.  24.— Underground  conditions  in  Thompeonyille  well. 

river  and  outcropping  in  the  steep  bank  mentioned.  The  well  yields 
8  gallons  a  minute,  a  quantity  many  times  greater  than  any  amount 
that  could  be  absorbed  from  the  steep  and  narrow  catchment  area. 
The  water  can  not  possibly  come  from  the  river,  as  its  level  is  about 
25  feet  higher  than  the  level  of  the  water  in  the  river,  but  must  come 
up  the  dip  from  the  east.  As  the  beds  never  bend  upward  and  appear 
at  the  surface,  but  maintain  their  uniform  dip  to  the  east,  the  water 
can  not  be  derived  from  any  outcrop  lying  farther  east.  Joints  or 
faults  apparently  present  the  only  means  by  which  the  water  can  be 
supplied  (fig.  24). 

A  well  drilled  a  few  years  ago  on  Talcott  Mountain,  near  the  site  of 
the  ''Old  Talcott  tower,"  of  local  fame,  was  situated  on  the  crest  of 
the  ridge  at  a  point  a  little  over  900  feet  above  the  sea.  The  face  of 
the  mountain  falls  away  steeply  to  the  west  700  feet  in  two-fifths  of  a 
mile.  At  a  depth  of  200  feet  the  drill  passed  through  the  trap  into 
the  underlying  sediments,  and  at  this  point  the  only  water  was  found. 
Presumably  it  was  in  small  quantity,  as  the  drilling  was  carried  700  feet 
farther,  but  without  results.     As  the  crest  of  the  mountain  is  700  feet 
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above  the  western  plain,  and  as  the  trap  was  left  at  a  point  only  200 
feet  down,  the  contact  upon  the  face  of  the  mountain  must  be  over 
500  feet  above  the  plain.  This  would  bring  the  outcrop  of  the  con- 
tact only  a  little  over  one-tenth  of  a  mile  west  of  the  well  and  on  a 
precipitous  portion  of  the  mountain  face.  It  is  thought  probable  by 
Mr.  Pynchon,  who  reported  the  well,  that  the  water  found,  however 
small  the  quantity,  came  up  rather  than  down  the  slope  of  the  beds. 
Well  No.  62,  Ropkins  &  Co.,  Hartford,  is  probably  of  the  same  general 
type,  as  when  allowed  to  stand  the  water  rises  in  the  well  far  above 
the  water  levels  of  the  Park  and  Connecticut  rivers,  which  are  close  by. 

JOINTS. 

Occurrence. — Joints  are  especially  numerous  throughout  the  Trias- 
sic  area,  the  traps,  conglomerates,  sandstones,  and  shales  all  showing 
many  of  them.  In  the  traps,  as  has  been  pointed  out,  the  rock  is  some- 
times superficially  broken  up  into  amass  of  small  blocks,  among  which 
the  water  freely  circulates. 

Joints  are  also  well  developed  in  the  shales.  This  may  be  seen  readily 
in  the  city  quarry  at  Hartford,  previously  mentioned,  where  the  shales 
forming  the  floor  of  the  quarry  are  traversed  for  long  distances  by 
joint  cracks  that  divide  the  rock  into  the  diamond-shaped  blocks  already 
described.  In  this  quarry  a  number  of  feet  of  the  indurated  shale 
have  been  removed,  leaving  an  escarpment  of  sedimentary  rocks,  aver- 
aging fully  10  feet  high,  immediately  below  the  trap.  The  joint  planes 
bounding  this  face  cut  through  many  layers,  some  of  them  probably 
traversing  the  whole  vertical  distance.  An  examination  of  any  fairly 
extensive  outcrop  of  shale  within  the  lowland  will  show  that  jointing 
is  developed  everywhere  to  the  same  extent. 

The  sandstone  beds  are  likewise  commonly  jointed  when  eicposed  at 
the  surface,  but  to  what  depth  pronounced  jointing  extends  is  unknown, 
although  the  jamming  of  drills  in  certain  wells  may  indicate  that  fis- 
sures extend  to  considerable  depth  in  the  sandstone.  Thus  in  the  well 
of  the  Hubert  Fischer  Brewing  Company,  of  Hartford  (No.  44),  the 
drill,  after  penetrating  ^'  blue  stone,"  entered  what  seems  to  have  been 
a  conglomerate,  soon  after  which  it  became  jammed,  presumably  by 
encountering  a  joint  plane.  On  its  liberation  water  began  to  flow. 
Again,  at  Hotel  Russwin,  New  Britain,  a  well  penetrated  140  feet  of 
sandstone,  etc.,  without  finding  enough  water  to  keep  the  drill  wet,  but 
at  that  depth  the  drill  became  jammed  in  what  appeared  to  be  a  crack 
about  2  inches  wide.  As  in  the  preceding  well,  an  ingress  of  water 
followed  the  loosening  of  the  drill.  The  apparent  breadth  of  the  ci*ack 
may  in  reality  be  due  rather  to  the  presence  of  soft,  decomposed  rock 
along  the  joint  plane  than  to  an  actual  opening  of  the  size  indicated. 
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Effect, — Several  diflferent,  and  in  two  instances  entirely  opposite, 
effects  are  produced  by  the  joints  of  the  Triassic  rocks.  Superficiallj 
they  greatly  favor  absorption  of  water,  and  it  is  probable  that  the 
shallow  supplies,  especially  those  reached  by  wells  50  feet  or  less  in 
dej^th,  are  greatly  increased  by  their  presence.  Doubtless  the  most 
common  result  of  the  jointing,  however,  is  to  break  the  continuity  of 
the  shale  or  other  confining  beds  associated  with  the  water  horizons, 
and  thus  to  permit  sufficient  leakage  in  most  instances  to  destroy  the 
prospects  of  artesian  flows.  In  a  few  cases,  on  the  other  hand,  the 
supplies  of  deep  beds  seem  to  be  derived  from  joints  rather  than  from 
outcrops,  as  was  notably  the  case  of  the  Thompsonville  well  (No.  26), 
described  on  page  82,  where  thQ  water,  as  indicated  in  fig.  24,  appears 
to  have  passed  down  the  joint  and  up  the  dip  of  the  sandstone  bed 
nearly  to  its  outcrop,  giving,  in  fact,  true  artesian  conditions. 

FAULTING. 

Occurrence. — Although  jointing  disturbs  the  continuity  of  the  beds 
almost  universall}"^,  it  does  not  do  this  so  profoundly  as  do  the  mani- 
fold faults  that  cross  the  area  in  several  directions,  especially  from 
north  to  south.  Reference  to  the  map  accompanying  Professor  Davis's 
paper  ^  will  show  that  important  faults  exist  in  great  numbers,  but 
numerous  as  they  are,  as  shown  on  the  map,  a  many  times  greater 
number  of  faults,  too  small  to  be  recorded,  yet  of  sufficient  size  to 
entirely  destroy  the  continuity  of  the  beds  in  their  immediate  vicinity, 
occur  in  the  area.  When  the  extensive  brecciation  and  local  bending 
of  the  strata  that  must  take  place  along  the  greater  faults — faults 
having  a  length  to  l)e  reckoned  in  miles  and  an  upthrow  to  be  calcu- 
lated in  hundreds  and  in  some  cases  thousands  of  feet — are  taken  into 
consideration,  it  may  be  readily  seen  how  thoroughly  and  extensively 
the  continuity  of  the  strata  is  destroyed. 

Effect. — The  effect  of  faults  is  much  the  same  as  that  of  joints,  but, 
because  of  the  relatively  greater  influence  of  faults  at  considerable 
depths,  it  is  even  more  important.  As  the  jointed  upper  portions  of 
traps  and  other  rocks  are  reservoirs  of  water,  so  the  fault  breccia,  or 
the  crushed  material  along  faults,  forms  an  important  source  of  water. 
Among  successful  wells  located  almost  upon  the  breccia  of  faults  may 
be  mentioned  Nos.  44,  45,  46,  47,  48,  49,  and  55  of  Mr.  Pynchon, 
lying  near  the  fault  cutting  off  the  north  end  of  Cedar  Mountain,  near 
Hartford.  Wells  Nos.  124,  125,  126,  and  127  at  BerUn  and  No.  130 
at  New  Britain  are  almost  on  fault  lines,  while  the  town  of  Meriden 

aDaviM,  W.  M.,  The  Triassic  formation  of  Connecticut:  Eighteenth  Ann.  Kept.  U.  8.  Geol.  Surrey. 
PI.  XIX. 
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with  its  wells  is  bounded  on  the  northwest  and  the  southeast  by  the 
two  greatest  faults  in  the  whole  lowland,  the  distance  between  the 
faults  at  this  point  being  only  li  miles. 

COMPOSITION  OF  TRIASSIC  WATERS. 

Many  facts  bearing  on  the  composition  of  the  Tiiassic  waters  are 
given  by  Mr.  Pynchon  in  the  preceding  paper,  especially  those  bearing 
on  the  practical  question  of  their  adaptability  for  boiler  use.  The 
analyses  of  the  waters  of  most  of  the  wells  described  by  Mr.  Pynchon 
are  not  now  available,  but  the  results  of  the  chemical  examinations  of 
a  number  of  similar  waters  from  Triassic  rocks  are  given  in  the 
following  table. 
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One  of  the  striking  features  of  these  wells  and  springs  is  the  great 
variability  of  the  waters.  Those  of  the  traps  are  comparatively  low 
in  mineral  matter,  carrying  in  one  case,  at  North  Haven  (No.  16),  as 
low  as  32  parts  per  million  of  dissolved  solids.  From  400  to  2  500 
parts  per  million  are  common  in  waters  from  the  sandstones  and  shales 
(Nos.  1,  3,  6,  and  13).  Such  amounts  make  the  water  unfit  for  boiler 
use,  even  where  the  mineral  matter  is  mainly  present  as  carbonate 
(lime).  The  analyses  show  that  not  only  is  lime  present  in  large 
amounts,  but  that  there  are  considerable  quantities  of  the  much  more 
objectionable  sulphates.  The  three  springs  mentioned  are  very  low 
in  mineral,  the  water  in  two  of  them,  if  not  m  all  three,  coming  from 
the  trap. 

SUMMARY  OF  WATER  CONDITIONS. 


ESSENTIALS  OF  ARTESIAN   FLOW. 


In  1885  Professor  Chamberlin  published  a  paper  <»  that  explained 
the  principles  of  artesian  flow  and  called  attention  to  many  of  the 
special  conditions  that  tend  to  determine  the  success  or  failure  of 


Fio.  25.— Ideal  section  showiDg  the  requisite  conditions  of  artesian  wells. 

artesian  wells.     The  conditions  favorable  to  true  artesian  flow  are  as 
follows:* 

1.  A  pervious  Btratum  to  permit  the  entrance  and  the  passage  of  water. 

2.  A  water-tight  bed  below  to  prevent  the  escape  of  water  downward. 

3.  A  like  impervious  bed  above  to  prevent  the  escape  upward,  for  the  water,  being 
under  pressure  from  the  fountain  head,  would  otherwise  find  relief  in  that  direction. 

4.  An  inclination  of  these  beds,  so  that  the  edge  at  which  the  waters  enter  will  be 
higher  than  the  surface  at  the  well. 

5.  A  suitable  exposure  of  the  edge  of  the  porous  stratum,  so  that  it  may  take  in  a 
sufficient  supply  of  water. 

6.  An  adequate  rainfall  to  furnish  this  supply. 

7.  An  absence  of  any  escape  for  the  water  at  a  lower  level  than  the  surface  at  the 
well. 

The  requisites  as  outlined  above  apply  only  to  sedimentary  rocks, 
but  the  principle  on  which  artesian  flow  depends  is  equally  applicable 
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Fio,  26.— Section  illustrating  thinning  out  of  porous  water-bearing  bed. 

to  other  rocks^  the  essential  feature  being  simply  that  the  water  be 
confined  and  that  the  outlet  through  the  well  be  considerably  lower 

a  Chamberlin,  T.  C,  Requisite  and  qualifying  conditions  of  artesian  wells:  Fifth  Ann.  Rep.  U.  S. 
Geo).  Survey,  pp.  12&-178. 
Mbid..  p.13. 
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than  the  catchment  area  at  which  the  water  enters.  A  bedding,  joint, 
or  fault  plane  or  other  fissure  in  the  insoluble  rocks,  or  a  solution 
passage  in  limestones  sometimes  affords    favorable  conditions  for 


Fio.  27.— Sectton  showing  transitloii  from  porous  to  Imperrloos  bed. 

artesian  flow,  but  such  features  are  usually  of  limited  and  local  devel- 
opment and  are  therefore  a  far  less  common  source  of  water  than  the 
widely  distributed  beds  of  sedimentary  origin. 

CONDITIONS  IN  THE  TBIASSIG  AREA  FAYORABLE  TO  FLOWS. 

The  conditions  in  the  area  that  are  favorable  to  artesian  flow  may  be 
summarized  as  follows: 

1.  There  are  many  porous  beds  which  water  may  readily  enter  and  through  which 
it  may  find  ready  passage. 

2.  Water-tight  beds,  serving  to  confine  the  waters,  frequently  occur  both  above 
and  below  the  water-bearing  sandstones. 

3.  The  beds  are  so  inclined  that  the  edges  at  which  the  waters  enter  are  often 
higher  than  mouths  of  the  wells. 

4.  The  edges  of  the  beds  are  so  exposed  that  water  can  be  readily  absorbed. 

5.  The  rainfall  is  adequate  for  large  supplies. 

6.  In  some  places  joints  and  faults  appear  to  conduct  water  downward  to  the  porous 
sandstones,  which  thus  obtain  their  supplies. 

CONDITIONS  IN  THE  TRIASSIC  AREA   UNFAVORABLE  TO  FLOWS. 

The  conditions  unfavorable  for  'flowing  wells  in  the  area  may  be 
stated  as  follows: 

1.  The  beds  are  so  highly  inclined  that  the  areas  exposed  at  the  surface  for  the 
catchment  of  waters  are  small. 

2.  The  inclination  of  the  beds  is  such  that,  except  in  very  deep  borings,  the  out- 
crop is  near  the  well  and  is  at  only  a  slightly  greater  altitude. 

8.  The  rocks  are  so  cut  by  joints  and  faults  that  ready  escape  is  frequently  afforded 
for  the  rock  waters,  thus  neutralizing  the  several  favorable  conditions  noted. 

CONCLUSIONS. 

The  conclusions  reached  as  to  the  underground  water  conditions  on 
the  area  may  be  summarized  as  follows: 

1.  Rock  waters  are  generally  present  in  almost  all  of  the  rocks  of  the  Triassic  area. 

2.  In  the  sedimentary  beds  the  rock  waters  appear  to  be  most  abundant  in  the 
sandstones,  less  abundant  in  the  shales,  and  least  abundant  in  the  arkose  and  con- 
glomerates occurring  around  the  rim  of  the  area.  Little  water  is  ordinarily  afforded 
by  the  traps. 

3.  Many  of  the  conditions  favorable  to  artesian  flows  are  locally  present,  and  flow- 
ing wells  will  occasionally  be  found. 
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4.  Because  of  the  frequent  interruption  of  the  continuity  of  the  water-bearing  beds 
by  joints  and  feiults,  artesian  flows  will  be  relatively  rare  and  confined  to  small  areaa 

5.  The  dips  are  so  steep  that  the  water-bearing  beds  usually  outcrop  within  a  short 
distance  from  the  wells  and  at  only  a  slightly  greater  elevation;  hence  the  head  will 
probably  never  be  great,  and  for  ordinary  purposes  pumping  will  always  be  neceflsary. 

6.  Because  of  the  steepness  of  the  dip  different  wells,  except  where  close  together, 
will  rarely  pass  through  the  same  series  of  beds,  but  will  generally  show  wide  differ- 
ences in  the  materials  encountered  and  the  quantity  and  quality  of  water  procured. 

7.  Supplies  sufficient  for  many  ordinary  manufacturing  processes  will  be  obtained 
from  wells  in  the  Triassic  sandstones,  but  such  enormous  supplies,  amounting  to 
several  thousand  gallons  a  minute,  as  are  obtained  from  some  of  the  wells  in  the 
loose,  porous  beds  of  the  Coastal  Plain  will  not  be  found.  The  amounts  given  in 
the  description  of  the  wells  in  the  paper  by  Mr.  Pynchon  indicate  the  character  and 
limitations  of  the  supplies  that  may  reasonably  be  expected. 

8.  The  waters  will  generally  be  highly  mineralized,  and  it  will  usually  be  impos- 
sible to  use  them  in  boilers.  The  waters  of  the  traps  will  on  the  whole  probably  be 
found  freest  from  mineral  matter  and  those  of  the  shales  will  show  the  highest 
mineral  content.  The  contrast  between  these  waters  and  the  pure  soft,  waters  of  the 
crystalline  rocks  of  the  surrounding  area  is  very  striking. 

9.  The  water  will  commonly  be  free  from  pollution  by  sewage  or  other  extraneoue 
matter.  High  chlorine,  usually  regarded  as  an  indication  of  sewage  contamination, 
may  result  from  the  solution  of  matter  from  the  rocks,  especially  from  the  shal^L 
In  cities,  however,  where  the  rocks  outcrop,  as  they  frequently  do,  within  the  cor- 
porate limits,  the  water  should  be  used  for  drinking  only  after  it  has  been  thoroughly 
tested,  as  surface  waters  may  in  some  instances  pass  readily  into  the  rocks.  The 
wells  should  l>e  carefully  cased  and  packed  to  prevent  water  from  passing  downward 
along  the  pi|>e. 

10.  The  source  of  the  water  supply  is  mainly  the  rainfall  in  adjacent  re^ons. 
When  the  rocks  outcrop  at  the  surface,  the  water  may  be  absorbed  directly,  but  prob- 
ably the  greater  amount  is  absorbed  from  the  ground  water  in  the  glacial  drift  which 
overlies  the  rocks  over  laiige  areas. 

11.  The  waters  pass  through  the  socks  in  part  by  general  seepage  and  in  part  by  fol- 
lowing bedding,  joint,  or  fault  planes.  The  former  method  is  more  common  in  the 
porous  sandstones,  the  latter  in  the  shales  and  traps. 

NOTES  ON  WEIili  DRIIililNG. 

TESTING   OF  WELLS. 

Attention  has  been  called  by  Mr.  Pynchon  to  the  failure  of  a  num- 
ber of  very  deep  wells,  notably  the  3,700-foot  well  at  Northampton 
and  the  1,100-foot  well  near  Westfield.  Although  such  wells  have 
failed  to  obtain  supplies,  practically  all  of  them  encounter  water  in 
small  amounts,  which  is  generally  cased  off  as  the  well  proceeds.  No 
such  well  should  ever  be  abandoned  without  a  thorough  test  of  every 
water  horizon,  however  small.  The  casing,  if  possible,  should  be 
raised  above  the  level  of  the  water-bearing  bed,  a  pump  inserted,  and 
the  supply  measured.  When  it  is  impossible  to  remove  the  casing,  it 
can  be  destroyed  at  the  water  horizon  by  a  shot  of  nitroglycerin, 
which  will  also  at  the  same  time  tend  to  loosen  up  the  surrounding 
rock  and  increase  the  flow.     Supplies  have  frequently  been  developed 
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at  horizons  which  were  not  at  first  thouf^ht  worthy  of  testing  and  which 
were  originally  drilled  through  without  stopping  and  cased  off. 

Anything  that  tends  to  increase  the  chances  of  success  of  wells  is  to 
the  ultimate  advantage  of  the  driller.  A  complete  failure,  such  as  the 
well  at  Northampton,  while  it  may  cause  the  owner  to  sink  the  par- 
ticular well  to  a  great  depth  and  thus  give  temporary  employment  to 
the  driller,  will  tend  to  deter  others  in  the  vicinity  from  drilling,  and 
will  in  the  end  result  in  a  decrease  in  the  total  amount  of  drilling  done. 
If  such  failures  can  be  partially  or  wholly  prevented,  the  drilling  busi- 
ness will  be  proportionately  benefited.  The  drillers  themselves  should 
use  all  possible  effort  to  make  every  well  successful,  for  each  success- 
ful well  is  likely  to  lead,  sooner  or  later,  to  the  sinking  of  others. 

KEEPING  OF  BECGRDS. 

One  of  the  chief  factors  in  the  development  of  a  well,  as  has  been 
pointed  out,  is  the  thorough  testing  of  each  water  horizon.  Detailed 
notes  should  therefore  be  made  of  the  chai*acter  of  material  penetrated 
by  the  drill  and  the  amount  and  quality  of  the  water  from  each  hori- 
zon, wherever  encountered,  and  the  depth  of  each  horizon  should  be 
determined  by  actual  measurement.  The  memory  can  not  be  relied 
upon  and  should  not  be  trusted  to  recall  the  depths  at  which  water  may 
be  struck,  for  although  the  facts  are  firmly  impressed  upon  one  at  the 
time,  they  are  gradually  lost  sight  of  during  later  development,  so  that 
if,  at  the  completion  of  the  well,  it  becomes  necessary  to  test  any  par- 
ticular horizon  only  a  general  guess  as  to  its  depth  and  as  to  the  char- 
acter of  the  material  at  that  point  can,  in  many  instances,  be  made. 
Many  wells  have  resulted  in  failure  because  the  water  horizons  passed 
through  in  the  earlier  stages  of  the  drilling  and  cased  off  could  not  be 
relocated. 

PROPER  DEPTH  OF  WELLS. 

Nothing  can  be  farther  from  the  truth  than  the  popular  fallacy  that 
water  can  always  be  found  in  great  quantities  if  the  well  is  only  drilled 
deep  enough.  On  the  contrary,  it  is  almost  universally  the  case  in 
this  region  that  wells  of  moderate  depth  yield  the  most  abundant  sup- 
plies. The  reason  for  this  lies  in  the  fact  that  all  of  the  rock  waters 
originally  come  from  the  surface  and  decrease  in  amount  as  the  depth 
becomes  greater.  In  the  upper  rocks  joints  and  other  crevices  are 
both  more  numerous  and  more  open  than  in  the  deeply  buried  rocks, 
and  the  absorptive  and  water-holding  capacities  of  the  upper  rocks  are 
correspondingly  greater.  Being  subject  to  weathering  and  solution 
by  circulating  waters,  the  rocks  near  the  surface  are  also  much  more 
porous  than  those  lying  deeper. 
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The  depths  to  which  wells  should  be  sunk  will  differ  greatly  in  dif- 
ferent areas.  What  would  be  a  shallow  well  in  many  regions  would 
be  a  deep  well  in  the  Triassic  region.  In  general,  wells  in  this  area 
that  are  under  300  feet  in  depth  give  the  best  supplies,  while  very  few 
find  their  niain  supplies  below  600  feet.  There  would  probably  be 
few  exceptions  to  the  principle  that  two  250-foot  wells  will  give  more 
water  than  one  600-foot  well.  This  is  even  more  true  of  the  deeper 
wells.  For  the  cost  of  the  3,700-foot  well  at  Northampton  fifteen  or 
more  200-foot  wells  could  have  been  sunk,  and  a  good  supply  of  water 
would  almost  certainly  have  been  obtained. 

It  can  therefore  be  said  that  success  in  procuring  large  supplies  in 
the  Triassic  area  is  generally  to  be  obtained  rather  by  drilling  a  num- 
ber of  shallow  wells  than  a  single  deep  one. 


SPRING   SYSTEM   OF   THE   DECATURVILLE 
DOME,  CAMDEN  COUNTY,  MISSOURI. 


By  E.  M.  Shepard. 


DESCRIPTION  OF  DOME. 


The  magnitude  of  the  springs  of  the  Ozarks,  especially  of  the  group 
gushing  to  the  surface  in  Camden  and  adjacent  counties  in  Missouri, 
has  long  been  noticed,  and  the  remarkable  rounded  mass  or  boss  of 
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Fio.  28.— Sketch  map  of  region  of  Decatnrrille  dome,  Missouri. 

coarsely  crystalline  granite,  known  as  pegmatite,  in  the  neighbor- 
hood of  Decaturville,  in  southern  Camden  CJounty  (see  fig.  28),  has 
also  been  for  many  years  an  object  of  interest.    During  a  trip  made 
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through  this  region  early  in  the  summer  of  1903  to  investigate  the 
underground  waters  of  the  State,  the  idea  occurred  to  the  writer  that 
some  relation  existed  between  the  granite  mass  and  the  system  of 
great  springs  and  sinks  that  surrounds  it  for  a  distance  of  from  8  to 
12  miles,  or  possibly  farther.  Subsequent  study  has  confirmed  this 
opinion  and  has  revealed  a  unique  condition  of  underground  drainage. 
In  1869  some  miners  who  were  prospecting  for  lead  laid  bare,  close 
to  the  surface,  a  small  area  of  granite  or  pegmatite,  frequently  called 
graphic  granite  because  of  a  peculiar  crystalline  structure  resembling 
the  letters  of  an  ancient  alphabet.  This  is  situated  at  the  crest  of  a 
low,  dome-shaped  hill  covering  about  6  acres  and  elevated  about  40 
feet  above  the  level  of  the  land  in  the  immediate  neighborhood.  The 
miners  were  led  to  prospect  here  by  finding  some  smJEilI  rounded 
bowlders  of  quartzite  and  graphic  granite  at  the  surface.  This  small 
exposure  of  granite  is  located  near  the  town  of  Decaturville,  in  the 
southeast  corner  of  the  SW.  i  of  sec  32,  T.  37  N.,  R.  16  W.,  near  the 
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Fio.  29.— Ideal  crom  section  from  Hahatonka  Spring  to  Lebanon. 

line  between  Camden  and  Laclede  counties,  on  land  now  owned  by 
Mr.  Samuel  Wheeler.  The  excavation  was  only  20  feet  long,  10  feet 
wide,  and  probably  30  feet  deep,  though  it  is  now  partially  filled  up. 
When  first  opened  the  material  immediately  beneath  the  soil  consisted 
of  an  incoherent  layer,  several  inches  in  thickness,  of  kaolinized  feld- 
spar and  mica,  which  gradually  merged  into  a  true  pegmatite,  made 
up  mainly  of  the  variety  of  feldspar  known  as  microcline,  with  some 
albite  and  oligoclase  feldspars  and  numberless  small  masses  of  quartz. 
On  the  south  side  an  irregular,  sheet-like  mass  of  fine-scaled  to  some- 
what granular,  ferruginous,  micaceous  schist  (evidently  metamor- 
phosed gouge)  was  found.  The  mica  was  all  common  muscovite. 
Scattered  over  the  surface  of  the  hill  were  lenticular  or  irregular 
masses  of  polished,  compact  quartzite,  somewhat  resembling  glacial 
bowlders  of  the  same  material.  If,  as  the  writer  believes,  these  are 
the  metamorphosed  remnants  of  a  fractured  intercalated  layer  or  bed 
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of  sandstone  in  the  original  dolomite,  they  form,  with  the  mica-schist, 
the  onljr  evidence  of  metamoi'pbism  found.  Most  of  these  bowlders 
have  been  carried  away,  many  of  them  having  been  thrown  into  the 
old  pit  and  many  used  in  the  construction  of  an  adjacent  stone  wall. 

The  dike  or  boss  is  surrounded  by  siliceous  magnesian  limestone, 
corresponding  to  Swallow's  Fourth  Magnesian  limestone.  The  greatly 
tilted  and  in  many  places  nearly  vertical  ledges  indicate  great  disturb- 
ance. The  limestone  here,  while  not  metamorphosed,  is  decidedly 
altered,  being  highly  silicified  as  well  as  pitted  and  honeycomed  to  a 
remarkable  degree.  A  quailer  of  a  mile  away  to  the  noi*th,  east, 
south,  and  west,  these  ledges  outcrop  in  a  way  that  reminds  one 
strongly  of  coral  reefs  exposed  at  low  tide.  Great  parallel  ridges, 
tilted  at  every  angle  and  some  nearly  vertical,  stand  up  in  irregular 
segments  about  the  granite  hill.  To  the  southwest  for  over  2  miles, 
along  the  narrow  valley  of  Spencer  Branch,  the  disturbance  is  very 
great.  The  axis  of  this  lateral  disturbance  extends  S.  52^  W.,  and 
the  rocks  on  both  sides  of  the  valley  dip  strongly  toward  this  axis. 

About  500  feet  southwest  of  the  hill  three  small  shafts  were  sunk 
several  years  ago.  The  surface  was  covered  with  soil  mixed  with  an 
earthy  hydrated  iron  sesquioxide.  In  the  first  shaft,  27  feet  deep,  a 
mass  of  very  soft  earthy  galena,  2  feet  wide  and  8  feet  thick,  was 
found.  This  seemed  to  extend  about  8  feet  to  the  northeast.  The 
second  shaft  was  12  feet  deep,  contents  unknown.  The  third  was  53 
feet  deep,  and  Mr.  Wheeler,  the  owner  of  the  land,  states  that  granite 
was  found  at  the  bottom.  A  very  impure  earthy  galena,  mixed  with 
zinc  silicate  and  iron  pyrites,  was  found  in  three  V-shaped  pockets  or 
flat  openings,  one  above  the  other,  which  pitched  strongly  to  the  west, 
toward  the  prolonged  axis  of  disturbance.  About  a  quarter  of  a  mile 
to  the  southwest,  along  this  axis,  Mr.  Wheeler  sunk  a  fourth  shaft, 
depth  unknown,  at  which,  on  the  dump,  there  were  exposed  masses  of 
a  highly  silicified  rock  mixed  with  a  curious  iron  breccia  and  conglom- 
erate, with  scattered  masses  of  earthy  limonite. 

Surrounding  the  pegmatite  outcrop,  except  at  the  southwest,  is  an 
irregularly  broken  circle  of  low  hills  that  stand  about  60  feet  above  the 
general  level  of  the  basin,  making  the  whole  at'ea  resemble  somewhat 
the  contour  of  an  old  crater.  The  Third  sandstone  of  Swallow  outcrops 
in  vertical  ledges  that  form  an  irregular  circle  about  three-fourths  of 
a  mile  in  diameter  around  the  pegmatite  outcrop.  This  sandstone  was 
first  observed  just  south  of  the  hotel  at  Decaturville,  where  a  large 
exposure  may  be  seen.  The  vertical  beds  here  are  about  25  feet  thick. 
The  false  bedding  and  the  more  siliceous,  irregular  layers,  standing 
out  as  ridges,  are  characteristic  of  this  formation.  The  sandstone  is 
somewhat  hardened  at  the  surface.  Farther  west,  other  outcrops  of 
vertical  sandstone  ledges  are  found  in  juxtaposition  with  vertical 
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ledges  of  the  Fourth  Magnesian  limestone  on  the  inner  side,  and  verti- 
cal ledges  of  Grasconade  limestone,  or  the  Third  Magnesian  limestone 
of  Swallow,  on  the  outer  side.  Two  of  these  outcrops  are  particularly 
striking,  one  near  the  center  of  the  south  line  of  section  29  and  the 
other  near  the  point  where  the  road  crosses  the  dry  branch  of  Bank.s 
Creek,  which  heads  to  the  southwest,  close  to  the  granite  outcrop  near 
the  southwest  corner  of  the  same  section.  Farther  west  and  south 
another  striking  vertical  outcrop  of  this  sandstone  forms  a  ^^  back- 
bone." An  interesting  feature  of  these  sandstone  outcrops  is  the  fact 
that,  on  either  side  of  them,  the  dips  of  the  Gasconade  limestone  and 
Fourth  Magnesian  limestone  i*ange  from  vertical  to  a  strong  inclination 
inward  toward  the  sandstone,  a  condition  very  difficult  to  explain,  but 
which  may  possibly  indicate  a  second  and  more  local  uplift.  A  few 
hundred  feet  southwest  of  the  pegmatite 'outcrop  several  shafts  already 
described  have  been  opened  and  small  amounts  of  earth,  impure  galena, 
and  zinc  ore  have  been  found. 

Within  a  radius  of  a  mile  or  two  of  this  pegmatite  outcrop  Mr.  W.  S. 
Rush,  of  St.  Joseph,  has  sunk  a  number  of  diamond-drill  holes  to  a 
depth  of  seveml  hundred  feet,  and  in  no  case  did  he  strike  the  pegma- 
tite. These  holes  were  all  sunk  in  search  of  mineral.  A  third  of  a 
mile  north  of  Decaturville,  in  the  southwest  quarter  of  section  28,  is 
a  small  outcrop  of  Hannibal  shales  and  Sac  limestones  (Devonian). 
The  limestone  contains  cavities  filled  with  calcite  and  is  somewhat 
altered  structurally,  though  its  lithological  characters  serve  to  identify 
it  without  much  doubt.  The  shales,  presumably  the  Hannibal,  are 
greatly  altered  and  are  of  a  bright-yellow  color  and  of  a  soft,  clay-like 
texture.  The  blue  color  which  everywhere  else  characterizes  these 
shales  has  evidently  been  destroyed  by  the  heat  attending  the  uplift. 
In  the  valley  a  few  hundred  feet  to  the  south  is  a  tilted  outcrop  of 
greatly  altered  dolomitic  limestone,  which  is  doubtfully  referred  to 
the  Jefferson  City  limestone  (Second  Magnesian  of  Swallow),  or  pos- 
sibly to  the  First  Magnesian  of  Swallow."  As  far  as  the  writer  knows, 
these  are  the  highest  rocks  exposed  anywhere  in  this  county  or  the 
adjoining  counties  to  the  south.  It  is  significant  to  note  that  these 
upper  beds  retain  to  a  considerable  degree  their  dolomitic  character. 
In  other  words,  these  remnants  of  superincumbent  beds  have  not 
undergone  replacement  by  silicification,  as  has  been  the  case  in  lower 
beds,  which  will  be  described  later. 

There  is  evidence  of  two  distinct  periods  of  uplift,  both  of  which 
must  be  post-Devonian.  From  data  obtained  in  other  parts  of  the 
Southwest  it  is  presumed  that  the  first  uplift  was  post-Carboniferous, 
when  the  great  dome  of  the  Ozarks  was  first  elevated.     From  the 

aThe  above  locality  was  recently  visited  by  Dr.  £.  O.  Ulrich  and  the  writer.  From  foasils  there 
obtained  Doctor  Ulrich  determined  that  these  beds  probably  belong  to  the  Richmond  fonnation 
of  the  Ordovician. 
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obscure  evidence  furnished  by  the  lateral  anticlines  that  merge  into 
the  main  axis  of  the  Ozarks  at  divergent  angles — ^anticlines  which,  the 
writer  believes,  were  formed  in  post-Tertiary  time,  when  the  lead  and 
zinc  ores  of  the  Southwest  were  probably  deposited — he  would  date 
the  second  uplift  at  this  point  in  geological  time. 

In  passing  in  any  direction  outward  from  the  center  of  maximum 
disturbance  one  may  readily  note  that  the  rocks  tilt  less  and  less 
strongly  away  from  the  pegmatite  hill  (see  figs.  28, 29).**  This  is  strik- 
ingly shown  along  the  bluffs  of  Banks  and  Spencer  creeks. 

SPRINGS. 

From  what  has  been  said  it  is  evident  that  the  area  of  upturned 
strata  surrounding  the  pegmatite  hill — ^an  area  3  or  4  miles  in  diam- 
eter— forms  a  splendid  catchment  basin,  which  contributes  to  the 
supply  of  the  great  fountains  that  lie  in  the  surrounding  region. 
Studies  of  the  counties  adjoining  Camden,  particularly  on  the  west, 
northwest,  north,  and  northeast,  indicate  a  general  dip  of  the  strata 
toward  the  dome.  The  water  from  the  catchment  basin  around  the 
dome  therefore  meets  in  a  trough,  at  considerable  depth,  the  circula- 
ting water  derived  from  the  outside  area,  and  the  body  of  water  thus 
gathered  from  the  drainage  on  both  sides,  being  under  pressure,  is 
forced  up  to  the  surface.  Where  erosion  has  cut  sufficiently  deep  into 
the  valleys  of  the  Big  Niangua,  Osage,  and  Auglaize  rivers,  which  sur- 
round the  pegmatite  hill  on  the  west,  north,  and  east,  great  springs 
issue  at  a  distance  of  from  8  to  15  miles  from  the  granite  outcrop. 
Along  the  course  of  Spencer  and  Banks  creeks,  which  drain  this  same 
territory  to  the  northwest,  numerous  small  springs  issue,  the  valleys 
not  being  cut  deep  enough  to  tap  the  larger  supplies  below. 

Bennett  or  Bryce  Spring. — The  springs  of  the  Decaturville  system 
will  be  taken  up  in  order  from  the  southwest.  The  first  and  largest 
of  the  group  is  the  Bennett  or  Bryce  Spring,  situated  on  the  west 
side  of  Dallas  County  near  the  Laclede  County  line,  in  sec.  1,  T.  34, 
R.  18,  at  an  altitude^  of  940  feet,  150  feet  below  the  pegmatite  hill 
and  about  15  miles  southwest  of  it.  It  issues  from  the  lower  beds  of 
the  Gasconade  limestone,  the  Third  Magnesian  of  Swallow.  The  tem- 
perature of  the  spring  was  57.5*^  F.  when  the  air  temperature  was 
86^  F.  Swallow,  who  visited  it  in  1853,  gives  the  temperature  of  the 
water  at  58°  F.  and  that  of  the  air  at  60^  F.  The  calculated  flow  was 
172,388,800  gallons  a  day,  but  Swallow's  figures  give  only  81,084,810 
gallons  a  day,  a  remarkable  variation  in  volume.     This  wonderful- 

a  Except  at  a  point  10  miles  northeast  of  DecaturviUe,  in  the  SW.  i  of  T.  38,  R.  14,  where  the  rocks 
are  greatly  disturbed  and  tilted  along  a  northeast  and  southwest  axis.  Whether  this  is  a  continua- 
tion of  the  Decaturville  axis  or  not  can  not  be  determined  at  this  time. 

ft  All  the  altitudes  given  in  this  paper,  except  that  of  Lebanon,  were  determined  by  a  series  of 
barometric  observations  and  are  believed  to  be  approximately  correct. 
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spring  lies  in  a  narrow  valley  about  600  feet  wide.  It  boils  up  with 
great  force  from  a  vertical,  cave-like  opening  into  a  large  oval  basin 
(see  fig.  30).  The  spring  was  sounded  to  a  depth  of  22  feet.  Mr.  True- 
man  Atchley,  who  has  lived  near  it  for  many  years,  states  that  he  has 
seen  it  with  one-tenth  less  water  than  normal  and  one«  3  feet  higher 
than  normal,  a  condition  which  would  give  it  twice  the  flow  above 
calculated.  The  channel  just  below  the  outlet  of  the  spring  has 
become  somewhat  filled  up  with  gravel,  so  that  the  water  surface  has 
been  raised  above  the  height  of  the  place  of  outlet.  Mr.  Atchley 
states  that  before  the  outlet  was  thus  choked  he  has  seen  the  spring  so 
low  that  he  could  walk  around  the  upper  portion  of  the  cave-like 
opening.     He  states,  also,  that  this  opening  descends  20  feet  vertically 
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Fig.  30.— Diagrammatic  croes  section  of  Bennett  Spring. 

and  then  slants  southwestward  to  an  unknown  depth  at  an  angle  of 
40'^  to  50°.  When  visited  by  the  writer  the  water  of  this  spring 
boiled  up  strongly  over  an  area  about  20  feet  in  diameter  and  to  a 
height  of  2  or  3  inches  above  the  general  level  of  the  pool.  The 
spring  forms  a  river  that  is  100  feet  wide  and  averages  li  feet  in 
depth,  with  a  rapid  current. 

Farther  west,  in  Dallas  County,  the  rocks  have  a  general  eastward 
dip.  To  the  southeast,  toward  the  town  of  Lebanon,  the  strata  are 
nearly  horizontal.  There  is  apparently  a  tendency  to  form  a  synclinal 
trough  at  this  point.^  The  water  from  the  catchment  basin  passing 
along  the  line  of  disturbance  extending  from  the  pegmatite  hill  to  the 
southwest,  through  the  lower  beds  of  the  Gasconade  limestone  (the 

a  There  seems  to  be  here,  as  elsewhere  in  the  Ozarks,  a  tendency  to  torsional  strain,  or  twisting,  in 
the  flexures,  which  would  operate  to  elevate  the  area  to  the  south  and  depress  that  to  the  north. 
This  would  account  for  the  absence  of  sprinfns  and  the  great  depth  of  water-bearing  strata  to  the 
south,  as  well  as  for  the  "extinct  spring"  at  the  Vernon  SinJc,  and  the  immense  sise  of  the  springs 
to  the  northwest. 
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Third  Magnesian  of  Swallow)  and  the  Third  sandstone  of  Swallow 
below,  meet  the  drainage  from  the  west  in  this  syncline,  and  the  body 
of  water  thus  gathered  is  forced  to  the  surface  through  a  crevice  that 
has  been  gradually  enlarged  by  continued  erosion.  A  year  ago  a  field 
was  plowed  just  above  this  spring,  and  a  heavy  freshet  washed  down 
a  large  quantity  of  gravel  which  partially  stopped  its  outlet.  For 
several  hours  the  water  pushed  itself  through  this  obstruction  in  great 
intermittent  jets,  3  or  4  feet  high,  with  a  noise  that  could  be  heard  a 
quarter  of  a  mile  away. 

BliLe  Spring, — About  li  miles  north  of  this  point  is  Blue  Spring, 
situated  on  the  west  side  of  the  Niangua  River.  It  showed  a  tempera- 
ture of  59^  F.  when  the  air  temperature  was  70^  F.,  and  is  at  an  alti- 
tude of  about  900  feet.  It  issues  from  a  whitish,  clayey  sand,  and  is 
badly  choked  with  water  cress,  logs,  and  rubbish.  The  outcropping 
rocks  indicate  the  middle  or  lower  beds  of  the  Gasconade  limestone. 
It  has  a  flow  of  5,170,000  gallons  a  day. 

Sand  Spring. — About  a  quarter  of  a  mile  north  of  the  last  spring, 
on  the  same  side  of  the  river  and  in  the  same  geological  horizon,  is 
Sand  Spring,  at  about  the  same  altitude,  also  badly  choked  with  water 
cress,  and  with  a  flow  estimated  to  be  about  the  same  as  that  of  Blue 
Spring. 

Sioeet  ar  Big  Blue  Spring. — This  spring  is  in  the  northwest  corner 
of  Laclede  County,  in  the  NE.  i  of  the  NE.  i  of  sec.  30,  T.  36,  R.  17, 
at  an  altitude  of  about  850  feet.  The  temperature  of  the  water  was 
about  58°  F.  when  the  air  was  94°  F.  This  spring  issues  from  a  ver- 
tical cave  opening  at  the  base  of  a  bluflf  40  feet  high;  probably  the 
lower  or  middle  beds  of  the  Gasconade  limestone.  It  has  been  sounded 
to  a  depth  of  150  feet.  The  water  is  clear,  cold,  and  free  from  weeds. 
It  flows  a  distance  of  150  feet  westward  into  Niangua  River.  About 
50  feet  farther  north  Sweet  Branch,  a  small,  sluggish  stream,  empties 
into  the  Niangua.  Sweet  Spring  is  but  about  5  feet  above  the  level  of 
the  river  and  is  subject  to  overflow  at  every  rise  of  the  stream.  Situ- 
ated as  it  is,  at  the  junction  of  Sweet  Branch  and  the  Niangua,  it  is 
frequently  choked  with  sediment  from  these  two  streams.  Between 
the  spring  and  the  river  a  large  area  covered  with  treacherous  mud 
and  sand  indicates  that  the  basin  of  the  spring  was  once  much  larger 
than  it  now  is.  Farmers  in  the  vicinity  state  that  the  flow  has  decreased 
fully  one-half  within  the  last  few  years.  The  flow  was  calculated  at 
14,037,000  gallons  a  day.  This  spring  lies  just  north  of  the  extension 
of  line  of  disturbance  which  runs  southwestward  from  the  Decaturville 
uplift. 

Celt  Springs. — Situated  in  the  northeast  corner  of  Dallas  County,  7 
miles  northwest  of  Sweet  Spring,  are  found  three  large  springs  whose 
waters  unite  to  form  Mill  Creek.  These  were  not  visited,  but  they 
undoubtedly  belong  to  the  drainage  system  of  the  pegmatite  hill. 
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Hahatonka  or  Ounter  Sprmg. — This  spring  is  situated   9  iiiile?<( 
northwest  of  the  pegmatite  hill  in  Camden  County,  sec.  2,  T.  37, 
B.  17,  at  an  altitude  of  about  745  feet,  or  345  feet  below  the  height  of 
the  hill.     The  temperature  of  the  water  was  57°  F.  when  the  air  was 
ggo  Y,    The  spring  issues  from  the  foot  of  a  bluff  250  feet  high,  and 
after  running  for  about  800  feet  through  a  deep,  narrow  canyon 
whose  walls  rise  at  one  point  to  a  height  of  a  little  over  300  feet,  it 
empties  its  waters  into  an  artificial  lake,  covering  90  acres,  situated  in 
the  valley  of  the  Niangua.    A  small  island  about  100  feet  high  divides 
the  stream  near  its  outlet  into  the  lake.     The  scenery  in  the  vicinity 
of  this  spring  is  extremely  picturesque.     The  spring  has  been  sounded 
to  a  depth  of  about  40  feet,  at  which  point  the  conduit  bends  to  the 
south.    The  spring  has  its  source  in  the  Gasconade  limestone^  150  feet 
below  the  base  of  the  Moreau  sandstone  (Second  sandstone  of  Swallow). 
It  is  very  difficult  to  measure  the  flow  of  this  spring,  owing  to  the 
irregularities  of  the  stream.    The  writer  calculated  14,760  cubic  feet 
per  minute,  or  158,982,912  gallons  a  day.     A  Philadelphia  engineer 
estimated  13,800  cubic  feet  per  minute.     Professor  Shaw,  of  the  Engi- 
neering School  of  Missouri  State  University,  calculated  15,000  cubic 
feet  per  minute,  while  Colonel  Scott,  an  electrical  engineer  residing 
at  Hahatonka,  obtained  the  same  result  as  Professor  Shaw.     The  dis- 
trict in  the  vicinity  of  this  spring  possesses  gre^t  interest  both  from  a 
scenic  and  a  geological  standpoint.     Evidences  of  great  erosion  from 
underground  waters,  showing  former  outlets  of  this  great  spring,  are 
everywhere  seen.    At  one  time  it  doubtless  had  its  outlet  at  the  Big 
Red  Sink,  one-half  mile  to  the  southwest.     A  few  hundred  feet  on  the 
other  side  of  the  bluff  from  which  the  spring  now  issues  is  a  sink,  150 
feet  deep  and  600  feet  long,  which  is  open  at  one  end  and  spanned  by 
a  great  natural  bridge.     This  undoubtedly  marks  an  old  cavernous 
channel  of  the  great  spring.     In  fact,  most  of  these  sinks  and  canyons 
mark  the  site  of  ancient  cavernous  outlets. 

OuUefii  Spring.  —This  spring  flows  out  of  a  bluff  of  Gasconade  lime- 
stone, about  1  mile  north  of  Hahatonka.  Its  water  is  clear  and  cold, 
and  its  flow  is  estimated  at  about  1,000,000  gallons  a  day. 

Moidder  Spring.'^ — In  the  northeast  quarter  of  sec.  18,  T.  38,  R. 
17,  about  4  miles  northwest  of  Hahatonka  and  about  12  miles  north- 
west of  Decaturville,  is  Moulder  Spring,  heading  in  a  ravine  about  \\ 
miles  long  that  extends  northward  from  Niangua  River.  The  spring 
boils  up  strongly  from  a  bed  of  coarse  gravel  25  feet  in  diameter,  and 
is  estimated  by  Colonel  Scott  to  be  about  one-sixth  the  size  of  Haha- 
tonka Spring.  It  issues  from  the  Gasconade  limestone,  and  has  its 
head  in  the  tilted  beds  which  surround  the  pegmatite  hill. 

Toronto  Sprm-gs, — At  Toronto,  6  miles  northeast  of  Montreal,  in 

a  The  writer  wafl  unable  to  visit  either  Moulder,  Cullen,  or  Toronto  springs,  all  probably  belonging 
to  this  system,  and  is  indebted  to  Colonel  Scott,  of  Hahatonka,  for  data  concerning  them. 
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the  SW.  i  of  the  NE.  i  of  sec.  25,  T.  38,  R.  16,  are  several  large 
springs  that  boil  up  with  great  force  out  of  gravelly  beds  in  the  Gas- 
conade limestone,  flow  eastward  a  short  distance,  and  empty  into 
Auglaize  River. 

Wet  Olaiae  Springs. — ^These  are  two  fine  springs  situated  in  the 
NE.  i  of  sec.  24,  T.  37,  R.  15,  about  8  miles  a  little  north  of  east 
of  Decaturville.  One  is  located  near  the  foot  of  a  bluff  of  Gasconade 
limestone  40  feet  high,  and  the  other,  which  is  the  larger  of  the  two,  is 
about  300  feet  farther  east,  rising  from  a  gravel  bed  at  about  the  same 
level.  A  dam  16  feet  high  forms  a  pond  of  about  10  acres,  which 
covers  these  two  springs.  As  the  pond  had  been  lowered  and  the 
gate  closed  just  before  the  writer  arrived  at  these  springs  it  was 
impossible  to  measure  their  flow,  but  from  what  could  be  learned  in 
regard  to  them  it  is  probable  that  their  capacity  is  about  40,000,000 
gallons  a  day.  As  described  by  their  owner,  they  both  boil  up  with 
considerable  force  out  of  gravel  beds,  rolling  and  tossing  up  large 
pebbles.  Their  location  can  be  marked  on  the  surface  of  the  pond 
from  the  disturbance  of  the  waters.  They  also  receive  their  supply 
from  the  catchment  basin  around  the  pegmatite  hill  and  the  cavernous 
Gasconade  limestone,  which,  with  the  Third  sandstone  of  Swallow, 
forms  a  great  reservoir  for  all  this  spring  system.  Their  altitude  is 
about  825  feet,  or  265  feet  below  the  outcrop  of  pegmatite. 

Camp  Ground  Spring. — ^This  spring  is  located  about  one-half  mile 
south  of  the  Wet  Glaize  Springs.  A  large  basin  has  been  hollowed 
out  from  the  side  of  the  hill  by  this  spring,  which  boils  up  from  a  bed 
of  gravel  in  a  remarkable  manner.  It  issues  from  a  number  of  holes 
about  5  inches  in  diameter,  raising  and  tossing  the  gravel  with  great 
force  and  making  the  surface  of  the  spring  somewhat  resemble  a  caul- 
dron of  boiling  water.  The  water  temperature  was  55°  F.  when  the 
air  was  84°  F.  The  flow  could  not  be  determined,  owing  to  the  masses 
of  water  cress  that  choked  the  outlet.  It  is  stated  that  it  takes  thirtv- 
six  hours  after  a  heavy  rain  for  this  spring  to  show  an  increase  in  its 
flow. 

Armstrong  Springs. — ^These  are  situated  about  9  miles  a  little  south 
of  east  of  Decaturville,  and  are  at  an  altitude  of  about  895  feet. 

Ella  or  West  Spring.— Thia  is  located  in  the  NW.  i  of  the  NE.  i  of 
sec.  6,  T.  36,  R.  14.  The  temperature  of  the  water  was  56°  F.  when 
the  air  was  86°  F.  The  water  boils  up  powerfully  from  holes  in  the 
rock,  one  of  which,  3  feet  in  diameter,  has  been  sounded  to  a  depth  of 
30  feet.  A  bluff  of  Gasconade  limestone,  50  feet  high,  outcrops  just 
above  this  spring.  The  flow  was  calculated  to  be  19,112,896  gallons  a 
day.  About  12  hours  after  a  heavy  rain  the  volume  increases,  and  the 
waters  become  slightly  turbid. 

Lizzie  or  East  Spring. — ^This  rises  from  a  deep,  narrow  gorge,  on 
the  side  of  the  valley  opposite  the  Ella  Spring.    Its  flow  was  estimated 


122 


HYDROLOGY   OF   EASTERN    UNITED   STATES,  1904.       [n^HO. 


to  be  about  3,000,000  gallons  a  day.     The  temperature  of  the  waler 
was  56^  F.  when  that  of  the  air  was  90^  F. 


SINKS. 

Vernon  Sinks, — About  8  miles  a  little  east  of  south  of  Decatiirville 
are  several  sink  holes  of  considerable  interest.  These  lie  in  a  line  awa^* 
from  the  pegmatite  outcrop,  in  sec.  18,  T.  35,  R.  15.  The  main,  or 
Vernon  Sink,  is  about  120  feet  in  diameter,  and  about  50  feet  deep  to 
the  water  level.  In  very  dry  times  the  water  level  sinks  40  feet  and 
exposes  a  cave-like  opening  that  extends  300  feet  or  more  on  an  incline 
due  west.  A  drill  well  was  sunk  about  200  feet  west  of  this  sink  to  a 
depth  of  60  feet,  and  reached  the  cave  opening.     A  pump  was  inserted. 
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Fig.  31.— Dia^n^mmatlc  cross  section  of  Vernon  Sink. 


and  the  water  obtained  is  constantly  used,  being  clear  and  cold  and 
never  muddy  or  turbid.  It  is  possible  that  this  may  be  the  mouth  of 
a  former  outlet  of  the  Decaturville  system  of  springs,  the  water  level 
standing  at  an  altitude  of  about  1,080  feet,  10  feet  below  the  catchment 
basin.  Some  of  the  enormous  springs  in  southern  Morgan  County, 
and  in  western  Miller  and  Pulaski  counties,  possibly  belong  to  thiis 
system,  and  will  furnish  interesting  material  for  future  study. 

ARTESIAN  WELLS. 

In  addition  to  the  springs  that  have  been  described,  artesian  wells 
may.be  expected  in  this  district  wherever  the  general  surface  of  the 
country  is  sufficiently  below  the  level  of  the  catchment  basins.  Mr. 
J.  N.  Kennett,  of  Decaturville,  sunk  a  drill  hole  300  feet  for  ore  one- 
third  of  a  mile  noitheast  of  the  pegmatite  hill  and  40  feet  lower  than 
that  elevation.     A  weak  flow  of  water  was  struck  at  200  feet.     On  the 
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south  edge  of  Hahatonka  Lake,  Colonel  Kellogg  sunk  a  drill  hole  for 

mineral  to  a  depth  of  864  feet.     Water  rose  in  this  pipe  30  feet  above 

the  ground  and  threw  a  jet  6  feet  higher.    The  strong  flow  was  struck 

at  840  feet,  but  the  force  has  gradually  decreased  until  the  water  only 

flows  gently  over  the  pipe  at  the  surface  of  the  ground.    This  water 

is  slightly  charged  with  sulphuretted  hydrogen.     It  is  to  be  noted  that 

elsewhere  artesian  wells  from  this  formation  are  strongly  saline,  and 

highly  charged  with  sulphuretted  hydrogen,  the  absence  of  which  in 

this  region  is  significant  of  one  of  the  great  changes  wrought  by 

powerful  underground  drainage.    The  Rush  artesian  well,  on  the  west 

side  of  Banks  Creek,  about  2  miles  southwest  of  Hahatonka  and  at 

about  the  same  altitude  as  the  Kellogg  well,  was  sunk  to  a  depth  of 

780  feet.     Water  rises  30  feet  above  the  ground,  the  first  flow  having 

been  struck  at  630  feet.     The  water  temperature  is  69°  F.  when  the 

air  is  84°  F.     There  is  a  slight  odor  of  sulphur.     The  flow  of  this  well 

has  never  decreased.    The  Scott  well,  one-eighth  of  a  mile  north  of  the 

Rush  well,  on  Banks  Creek,  was  sunk  to  a  depth  of  740  feet.    The  first 

water  was  struck  at  680  feet,  and  it  flows  only  slowly  from  the  pipe  at 

the  surface  of  the  ground.    The  last  three  wells  all  passed  through 

beds  of  siliceous  limestone,  only  the  Kellogg  well  entering  sandstone 

(Third  sandstone  of  swallow)  to  a  depth  of  3  feet.    These  wells  show 

the  enormous  thickness  of  the  Gasconade  limestone  at  this  point. 

Another  artesian  well,  situated  in  the  big  bend  of  the  Osage,  in  the 

NW.  i  of  sec.  22,  T.  40,  R.  18,  was  sunk  to  a  depth  of  800  feet,  and 

obtained  a  strong  flow  of  water.     This  well  was  not  visited,  but  it 

probably  belongs  to  the  Decaturville  drainage  system. 

SURFACE  WATERS. 

The  region  around  Decaturville,  bounded  by  Bennett,  Sweet,  Haha- 
tonka, Wet  Glaize,  and  Aimstrong  springs,  is  almost  destitute  of  sur- 
face water,  the  inhabitants  being  dependent  for  their  supply  upon  ponds, 
cisterns,  and  a  few  drilled  wells.  For  example,  Mr.  Haun,  who  lives 
between  Sweet  Spring  and  Decaturville,  drilled  130  feet,  and  has  only 
from  3  to  6  feet  of  water,  which  is  quickly  pumped  dry.  The  little 
town  of  Eldridge,  nearby,  is  wholly  dependent  on  cisterns  and  ponds 
for  water.  Mr.  F.  M.  Cossairt,  at  Chauncey,  Camden  County,  6  miles 
due  north  from  Decaturville,  sunk  a  well  144  feet  deep,  and  struck 
water  at  119  feet,  at  which  level  it  remains.  He  states  that  wells  in 
this  vicinity  reach  water  at  depths  ranging  from  100  to  125  feet,  and 
generally  have  to  go  to  sandstone.  At  Lebanon,  15  miles  due  south 
of  Decaturville,  in  a  well  sunk  to  a  depth  of  1,000  feet,  the  water 
stands  360  feet  below  the  surface.  About  5  miles  west  of  Lebanon, 
at  nearly  the  same  altitude,  a  farmer  sunk  a  well  420  feet  deep,  in 
which  water  stands  400  feet  below  the  surface.  A  pump  can  not 
lower  it. 


124  HYDROLOGY   OF   EASTERN   UNITED  STATES,  1904.       In©.  110. 

COMPOSITION  OF  SPRING  WATERS. 

Partial  quantitative  analyses  of  a  number  of  the  springs  of  the 
Decaturville  system  show  a  nearly  uniform  composition  quite  similar 
to  that  of  the  Lebanon  '^Magnetic"  well,  except  in  a  slight  increase 
in  chlorides.® 

The  following  is  the  analysis  of  the  Lebanon  well,  made  by  Mr. 
L.  G.  Eakins,  of  the  U.  S.  Geological  Survey: 

Analysis  of  walerfrom  Lebanon  wdL 

Puts  per 
million. 

Silica 11.2 

Alumina 32. 0 

Sodium  chloride Trace. 

Magnesium  sulphate 6.0 

Ferrous  carbonate Trace. 

Calcium  carbonate ' 81. 1 

Magnesium  carbonate 52.8 

Sodium  carbonate 29. 1 

Total  solids 212.2 

Free  carbonic  acid 69.8 

CHEBT  BEDS. 

One  of  the  most  interesting  deductions  drawn  from  the  study  of  the 
underground  waters  of  this  region  is  their  probable  connection  with 
the  origin  of  the  enormous  beds  of  chert  that  occur  here.  Though 
this  point  can  be  but  briefly  touched  upon  at  this  stage  of  the  investi- 
gation, it  should  not  be  left  without  notice.  All  who  have  visited  this 
region  have  observed  its  wonderful  deposits  of  chert,  particularly  in 
the  Jefferson  City  and  Gasconade  limestones.  These  formations  are 
usually  largely  dolomitic,  particularly  the  Jefferson  City  limestone, 
which  contains  large  masses  of  dolomite  (^'cotton  rock").  In  the 
district  surrounding  Decaturville,  however,  the  dolomite  is  almost 
entirely  absent,  and  beds  of  chert  seem  to  have  taken  its  place,  espe- 
cially above  and  below  the  sandstone  horizons.  The  chert  beds  are  of 
great  thickness,  and  are  composed  of  knotted,  irregular,  frequently 
lenticular,  sometimes  agatized,  shattered  masses.  Frequently  these 
shattered  masses  are  recemented  into  chert  breccias.  The  shattering 
and  cementing  by  resilicification  of  the  chert  beds  in  many  places  is 
another  evidence  of  the  second  uplift,  before  referred  to,  in  this  region. 

The  writer  has  long  believed  that  many  of  our  chert  deposits  have 
been  formed  by  replacement,  and  the  evidence  in  this  district  points 
strongly  to  this  conclusion.  Briefly,  it  may  be  stated  that  during  the 
period  of  the  uplift  of  the  pegmatite  boss,  the  great  heat  generated 

a  The  presence  of  sodium  carbonate  in  the  waters  of  this  district—an  anusnal  occurrence  elsewhere 
in  these  formations— is  significant  of  its  probable  source  from  the  alblte  (soda  feldspar)  of  the  pegma- 
tite; and  the  same  fact  also  calls  attention  to  the  probable  magnitude  of  the  pegmatite  boes. 
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was  retained  by  the  superincumbent  beds  (since  eroded),  and  that  per- 
colating water,  intensely  heated,  aided  by  the  alkalies  derived  from 
the  decomposed  feldspar  and  lime,  dissolved  from  the  rocks  their 
silica,  which  gradually  replaced  the  lime  and  magnesia  in  the  dolomites 
and  converted  them  into  cherts.  This  replacement  seems  to  have  been 
especially  marked  above  and  below  the  sandstone  horizons — so  much 
so  as  to  make  it  very  difficult  to  separate  the  Moreau  sandstone  from 
the  Gasconade  limestone  below,  and  the  Grasconade  limestone  from 
the  Gunter  sandstone,  by  which  it  is  underlain,  for  the  reason  that  the 
Grasconade  limestone  merges,  through  massive  chert  beds,  into  the  sand- 
stone horizons,  both  above  and  below.  This  is  so  strikingly  the  con- 
dition in  Miller  County  that  State  Geologist  Buckley,  in  his  report 
on  Miller  County,  now  in  press,  includes  the  Moreau  sandstone  (Sec- 
ond sandstone  of  Swallow),  a  part  of  the  Jefferson  City  limestone 
(Second  Magnesian  of  Swallow),  and  part  of  the  Gasconade  limestone 
(Third  Magnesian  of  Swallow)  in  one  formation,  which  he  has  named 
the  St.  Elizabeth  formation,  or  complex.^  It  will  be  noted  that  this 
special  chert  replacement  predominates  along  the  main  line  of  water 
flow  on  both  sides  of  the  sandstone  horizons. 

The  study  of  the  Decaturville  dome  has  led  the  writer  to  believe  that 
the  association  of  massive  chert  beds  with  several  other  great  spring 
districts  in  the  Ozarks  has  a  deeper  significance  than  that  which  is 
usually  recognized  in  considering  these  beds  as  merely  the  reservoirs 
or  channels  for  the  distribution  of  underground  waters,  and  it  is 
hoped  that  this  brief  sketch  may  throw  some  light  on  the  origin  of  the 
chert  beds,  as  well  as  emphasize  the  importance  of  underground  drain- 
age as  a  geologic  agent. 

a  See  also  Biennial  Report  of  the  State  Geologist  ol  Mlasouii  to  the  Forty-aeoond  Oenexal  Asembly, 
Jeflenon  aty,  1908,  p.  14. 


WATER  RESOURCES  OF  FORT  TICONDEROGA 
QUADRANGLE,  VERMONT  AND  NEW  YORK 


By  T.  Nelson  Dalb. 


INTRODUCTION. 


Geography. — ^The  Fort  Ticonderoga  quadrangle  i^  located  on  the 
Vermont-New  York  boundary  line,  about  midway  of  the  length  of 
Vermont.  Three-fourths  of  its  area  is  in  Vermont  and  the  remainder 
in  New  York.  It  comprises  f  Qur  small  quadrangles — the  Ticonderoga, 
Brandon,  Whitehall,  and  Castleton — each  of  which  contains  about  225 
square  miles.  The  area  includes  considerable  portions  of  Rutland  and 
Addison  counties,  Vermont,  and  of  Essex,  Warren,  and  Washington 
counties,  New  York.  The  principal  towns  are  Ticonderoga  and  White- 
hall in  New  York,  and  Proctor,  Brandon,  Poultney,  Fair  Haven,  and 
West  Rutland  in  Vermont. 

Relief. — The  relief  of  the  region  varies  from  an  altitude  of  100  feet 
near  the  shores  of  Lake  Champlain  to  over  2,700  feet  a  few  miles 
southwest  of  West  Rutland.  Roughly  it  may  be  divided  into  three 
belts — an  eastern  belt  lying  mainly  east  of  a  line  extending  from  East 
Middlebury,  through  Bomoseen  Lake,  to  Poultney;  a  middle  belt 
lying  between  the  eastern  belt  and  Lake  Champlain,  and  a  western 
belt,  west  of  Lake  Champlain.  The  first  includes  the  northern  end  of 
the  Taconic  Range,  which  consists  of  high,  irregu^{lr  ridges  and  isolated 
hills,  several  points  of  which  reach  2,000  feet  or  more,  and  one,  Her- 
rick  Mountain,  rises  to  over  2,700  feet.  It  includes  also  in  its  northern 
half  a  part  of  the  west  side  of  the  Green  Mountain  Range,  consisting 
of  ridges,  with  Mount  Moosalamoo  rising  to  over  2,600  feet.  In  the 
second  belt  the  land  generally  varies  from  100  to  1,000  feet  in  altitude. 
Many  extensive  terraces  are  developed  at  altitudes  between  300  and 
550  feet.  Above  these  many  hills  rise  to  a  level  of  1,000  feet  or  more 
Much  of  the  area  is  covered  by  a  considerable  thickness  of  drift  which 
has  much  modified  the  topography  of  the  region.  The  third  belt  is 
mountainous,  with  maximum  elevations  varying  from  1,400  feet  in  the 
northern  part  of  the  area  to  1,900  feet  in  the  southern  part.  The 
major  features  of  the  topography  are  due  to  rock  structure  or  compo- 
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sition,  but  some  are  due  to  ice  action  or  to  Glacial  or  post-Glaciai 
deposits. 

Dnihiaije, — The  drainage  of  the  southern  half  of  the  area  is  west- 
ward to  Lake  Cliamplain  and  then  northward  to  the  St.  Lawrence. 
In  the  northern  half  it  is  northward  by  Ijake  Champlain  and  Otter 
Creek.  Two  other  considerable  streams — the  Middleburv  and  Leices- 
ter  rivers — besides  Mill  Brook,  a  smaller  stream  farther  south,  issue 
from  the  mountains  and  empty  into  Otter  Creek.  These  streams  drain 
a  considerable  region  lying  east  of  the  quadrangle,  and  comprise  the 
output  of  innumerable  forest  springs  and  rivulets. 

WATER  SUPPLIES. 

Geneial  cxmditums, — The  southern  half  of  western  Vermont  is  gen- 
erally well  watered,  both  because  of  a  copious  rainfall  and  because  of 
the  presence  of  two  mountain  ranges — the  Taconic  on  the  west  and  the 
Green  Mountain  on  the  east — which  are  both  well  wooded  and  drained 
b\'  numerous  brooks.  As  the  Taconic  Range  ends  in  about  the  center 
of  the  quadrangle,  one  of  the  chief  sources  of  water  supply  there 
ceases,  the  conditions  becoming  very  different  farther  northward. 

The  western  border  of  the  Green  Mountain  Range,  with  the  excep- 
tion of  certain  deforested  tracts  in  Goshen  and  minor  clearings  in 
Ripton,  is  densely  forested,  and  is  therefore  rich  in  springs  and  brooks, 
so  that  the  question  of  water  supply  in  the  eastern  third  of  the  quad- 
rangle is  rarely  a  serious  one.  In  fact,  no  one  familiar  with  this  area 
can  fail  to  be  impressed  with  the  abundance  and  purity  of  the  water. 

Cold  nprings  aiid  hrooks. — Some  of  the  water  is  unusually  cold. 
About  three-fourths  of  a  mile  southwest  of  Brandon  village  is  a  well 
dug  in  a  mass  of  glacial  gravel,  the  pebbles  of  which  are  cemented 
together  by  calcium  carbonate,  forming  a  quasi  conglomerate.  This 
well  has  long  attracted  attention  on  account  of  the  very  low  tempera- 
ture of  its  water  throughout  the  summer  months,  and  has  also  been 
investigated  by  geologists.**    It  is  known  locally  as  ''  the  frozen  well." 

As  pertinent  to  this  subject,  although  belonging  to  the  Mettawee 
quadrangle,  the  following  data  are  added:  Three-fourths  of  a  mile 
northwest  of  the  top  of  Dorset  Mountain  and  1,700  feet  below  it,  in  the 
township  of  Danby,  is  a  brook  of  crystal  purity,  in  which  the  tem- 
perature on  September  22, 1891,  was  but  little  above  that  of  ice  water. 
As  the  top  of  Dorset  Mountain  is  only  3,804  feet  high  the  following 
explanation  was  adopted:  The  summits  of  the  Taconic  range  usually 
consist  of  shattered  schist  ledges  covered  with  thick  moss  and  forest. 
Ice  formed  between  the  blocks  in  winter  may  be  protected  by  the  dense 
vegetation  and  may  be  the  source  of  such  ice-water  brooks.  Ice-water 
springs  also  occur  occasionally  at  the  foot  of  exposed,  sun-heated  slate- 
quarry  dumps  in   Washington  County,  N.  Y.,  in  places  where  no 

a  See  Hitchcock  and  Hager,  Rept.  Geol.  Vennont,  vol.  1,  1861.  pp.  192-208. 
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mountain  dniinago  could  possibly  come.  These  springs  also  maintain 
a  low  temperature  throughout  the  hot  summers.  Another  brook  of 
low  temperature,  known  as  Cold  Brook,  occurs  3i  miles  southcai>t  of 
Dorset  Mountain,  in  Dorset  Hollow.  On  July  20,  1900,  a  very  hot 
day,  it  was  cold  enough  to  form  a  mist  about  itself.  It  issues  from 
a  limestone  cave,  through  which  its  course  lies  for  one-half  to  one- 
fourth  of  a  mile,  and  which  is  at  times  presumably  more  or  less  filled 
with  snow  or  ice. 

Tmcn  HH-ppliiii^. — Bec*ause  of  the  vitiation  of  the  water,  owing  to  the 
building  of  towns,  as  in  the  ciise  of  the  portion  of  Otter  Creek  below 
Rutland  and  Proctor,  streams  are  no  longer  safe  sources  of  drinking 
water.     This   has   been   amply  demonstrated   by  the  prevalence   of 
typhoid  at  Middlebury,  just  north  of  this  quadrangle,  as  long  as  Otter 
Creek  water  was  used,  and  by  its  cessation  as  soon  as  that  use  ceased. 
Where  springs  or  brooks  are  not  available,  shallow  wells,  especially  in 
the  lowlands,  usually  obtiiin  sufficient  supplies.     The  practical  utiliza- 
tion of  springs  as  a  source  of  water  suppl}'  has  been  demonstrated 
within  a  few  years  at  two  points  north  and  south  of  this  quadrangle. 
Water  has  been  brought  from  a  spring  on  Niquaket,  a  mountain  a 
mile  north- northeast  of  the  southeast  corner  of  the  quadrangle,  through 
pipes  for  a  distance  of  over  4  miles  to  the  village  of  Pittsford,  which 
is  located  on  a  sandv  terrace  180  to  150  feet  above  Otter  Creek.     A 
similar  system  now  supplies  the  village  of  Middlebury  with  water  from 
a  spring  on  the  (ireen  Mountain  range.     But  for  the  use  of  Silver 
Lake  (altitude  1,241  feet)  as  a  summer  resort,  it  would  be  admirably 
adapted  for  a  similar  purpose,  as  it  is  a  natural  reservoir  fed  by  forest 
mountain  springs. 

Geology  of  the  Huppl!ei<, — The  geologic  structure  of  Otter  Creek 
valley  seenis  unfavorable  for  artesian  wells  because  the  marble  and 
dolomite  beds,  which  underlie  its  gravel  and  clay,  generally  lie  in  small 
and  overturned  folds.  It  is  possible,  however,  that  borings  which 
should  penetrate  that  formation  (1,000  feet  or  more  thick)  and  the 
underlying  quarzite  and  schist  (1,600  feet  or  over)  to  the  basal  gnei&s 
of  the  Green  Mountain  range  (pre-Cambrian)  might  be  productive. 

There  is  a  longitudinal  belt  about  7  miles  wide,  measured  westward 
from  the  foot  of  the  Green  Mountain  range,  underlain  by  dolomite  and 
marble,  in  which  any  wells  reaching  those  beds  would  inevitably  fur- 
nish water  more  or  less  calcareous.  There  are  also  on  the  Green 
Mountain  itinge  areas  of  dolomite  which  would  have  a  like  effect. 
Such  an  area  covers  about  6  square  miles  at  the  southeast  corner  of  the 
quadrangle.  A  narrow  strip  of  dolomite  extends  also  5  miles  from 
Sucker  Brook  south,  inclosing  Silver  Lake,  and  nmst  needs  add  a 
small  porcenbige  of  Ume  to  the  tributtiries  of  Mill  and  Sucker  brooks. 
The  rocks  of  the  Green  Mountain  range,  with  rare  intercalations  of 
dolomite,  are  in  other  places  quartzose,  micaceous,  and  feldspathic,  and 
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are  thus  adapted  to  furnish  the  very  best  of  water,  except  where 
springs  or  brooks  drain  extensive  swamps  and  add  organic  matter. 
The  occasional  disappearance  of  brooks  into  caves  in  the  limestone 
areas  is  a  factor  which  should  be  taken  into  consideration  in  some  of 
the  hydrographic  problems. 

In  the  lower  levels  of  the  towns  of  Orwell,  Whiting,  and  Cornwall, 
along  the  western  edge  of  the  quadrangle,  plastic  clays,  which  prob- 
ably formed  the  sea  bottom  of  the  Lake  Cbamplain  region  during  the 
''Champlain  submergence,"  introduce  conditions  very  different  from 
those  prevailing  along  the  foot  of  the  Green  Mountain  range,  where 
the  superficial  deposits  are  generally  more  sandy.  The  effect  of  these 
impervious  clays,  together  with  that  of  deforestation  in  the  last  gener- 
ation or  two,  has  been  to  bring  about  great  vscarcity  of  water.  This 
is  very  apparent  in  the  northern  part  of  the  middle  belt,  where  driven 
wells,  reaching  to  or  into  the  shales  underlying  the  clays  and  oper- 
ated by  windmills,  are  a  necessity  on  many  farms,  and  where  the  i-arity 
of  public  watering  troughs  on  the  highways  is  as  marked  as  the 
poverty  of  the  brooks. 

Water  pmoer, — East  Middlebury  River,  Mill  Brook,  and  Leicester 
River  have  long  been  utilized  in  a  small  way  for  driving  sawmills  and 
other  wood-working  machinery,  etc.  The  fall  of  all  these  streams  is 
considerable.  Middlebury  River  falls  517  feet  between  Ripton  and  East 
Middlebury,  a  distance  of  not  quite  3  miles.  Leicester  River,  the  out- 
let of  Lake  Dunmore,  falls  171  feet  in  its  course  of  \\  miles  from  the 
lake  to  Salisbury'  village.  Mill  Brook  falls  636  feet  between  Goshen 
and  Forestdale,  a  distance  of  3  miles.  Besides  the  above,  and  as  yet 
not  utilized  for  power,  there  is  Sucker  Brook,  which  has  a  fall  of  529 
feet  in  a  distance  of  1^  miles  above  Lake  Dunmore.  Silver  Lake,  the 
outlet  of  which  flows  into  Sucker  Brook,  is  670  feet  above  Lake  Dun- 
more. The  narrow  gorges  through  which  these  streams  flow  and  their 
greatly  swollen  condition  in  spring  offer  difficulties,  however,  which 
must  be  considered  in  any  scheme  for  their  complete  utilization. 


WATER  RESOURCES  OF  THE  TACONIC  QUAD- 
RANGLE, NEW  YORK,  MASSACHUSETTS, 
VERMONT." 


By  F.  B.  Tayix>r. 


INTRODUCTION. 


Geography, — The  center  of  the  Taconic  quadrangle  falls  almost 
exactly  on  the  point  at  which  the  States  of  New  York,  Massachusetts, 
and  Vermont  come  together.  The  area  included  is  about  35  miles  long 
from  north  to  south,  and  20  miles  wide  from  east  to  west,  containing 
a  little  over  900  square  miles.  The  region  lies  mainly  in  Rensselaer 
County,  N.  Y.,  Berkshire  Count}^  Mass.,  and  Bennington  County, 
Vt.  North  Adams,  Mass.,  Bennington,  Vt.,  and  Hoosick  Falls,  N.  Y., 
are  the  leading  towns. 

Relief,  -All  of  the  land  of  the  quadrangle  is  moderately  high,  except 
along  the  larger  streams,  where  it  is  sometimes  as  low  as  350  feet 
above  sea  level.  The  area  is  mountainous,  except  in  the  western  third, 
the  ranges  having  a  trend  a  few  degrees  east  of  north.  The  principal 
mountain  masses  are  the  Hoosac  on  the  east,  rising  to  a  maximum 
height  of  about  2,800  feet,  Grej^lock,  and  the  Green  Mountains  in 
western  Massachusetts  and  Vermont,  rising  to  heights  of  from  2,500  to 
3,700  feet,  and  the  Taconic  Mountains,  along  the  New  York  boundary 
line,  rising  from  2,200  to  2,800  feet.  The  western  third  of  the  quad- 
rangle partakes  of  the  nature  of  a  compound  plateau,  the  northern 
portion  standing  at  an  altitude  of  from  800  to  1,200  feet,  and  the 
southern  at  from  1,500  to  1,800  feet.  The  topographic  expression  of 
the  region  depends  to  a  considerable  degree  upon  the  structure  and 
composition  of  the  rocks. 

Drainage, — The  drainage  of  nearly  the  entire  area  of  the  quadrangle 
is  by  the  Hoosic  River  northwestward  to  the  Hudson  River  above  Troy. 
A  small  area  in  the  southwest  portion,  however,  drains  southwestward 
to  the  Hudson,  25  miles  below  Albany. 

WATER   RESOURCES. 

SURFICIAL   WATERS. 

The  surface  waters  include  all  the  running  and  ponded  surface  waters 
which  result  from  rains  and  melting  snows  or  which  are  fed  by  springs. 

nThe  field  work  on  the  ^urHeial  geology  of  thiH  quadrangle  is  only  about  half  completed,  the  unfin- 
iHhed  part  being  eonfinod  mainly  to  the  western  half.  The  conditions  as  regards  water  supply  are, 
however,  much  the  same  throughout  the  area. 
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Rainfall, — The  mean  annual  miiifall  of  this  area  is  a)>out  42  inches, 
but  the  rainfall  varies  by  35  to  40  i)er  cent  of  this  amount  between 
extremes  in  different  years. 

Water  j)ower. — The  relief  of  this  area  is  considerable,  the  altitudes 
ranging  from  3,764  feet  above  tide  on  Glastenbury  Mountain,  and 
3,605  feet  on  Greylock  Mountain,  to  about  300  feet  above  tide  on 
Hoosic  River,  where  it  passes  out  of  the  quadrangle.  Many  of  the 
smaller  streams  descend  1,500  to  2,000  feet  in  a  few  miles  and  afford 
excellent  opportunities  for  the  development  of  small  water  powers. 
The  mountains  are  mostly  forest  clad,  so  that  the  run-off  of  rain  water 
is  somewhat  checked  and  opportunity  is  afforded  for  its  absorption 
into  the  glacial  drift,  and  to  some  extent  into  the  rocks.  The  drift, 
though  patchy  and  irregular  in  thickness  and  distribution,  covers  most 
of  the  surface,  except  the  steep  slopes  and  the  highest  knobs  and  ridges. 
In  a  general  way  the  drift  is  slightly  coarser  and  more  porous  on  the 
mountains  than  in  the  valleys.  The  rocks — mainly  gneisses,  quartzites, 
and  schists  in  the  mountains — are  not  of  themselves  porous  enough 
to  absorb  much  water,  but  they  are  cut  by  numerous  joint  ci*acks,  and 
some  of  the  rainfall  finds  its  way  into  these,  from  which  it  issues  in 
springs.  The  great  number  of  perennial  mountain  brooks  shows  that 
the  drift  and  the  rocks  are  effective  reservoirs  for  water  storage. 

The  Hoosic,  the  largest  river,  crosses  the  quadrangle  diagonally  from 
southeast  to  northwest.  It  descends  within  the  area  from  an  altitude 
of  about  1,100  feet  above  tide  to  300  feet.  The  principal  water  powers 
on  this  river  are  at  Adams,  North  Adams,  and  Hoosick  Falls,  though 
there  are  several  others  at  smaller  villages,  such  as  Cheshire,  Brayton- 
ville,  Blackinton,  Williamstown  Station,  and  North  Pownal.  The 
other  principal  water  powers  in  this  area  are  on  the  Walloomsac  at 
Bennington,  Papermill  Village,  and  North  Hoosick;  on  Paran  Creek  at 
North  Bennington;  on  Green  River  at  Williamstown,  and  on  the  north 
branch  of  the  Hoosic  at  Briggsville  and  in  North  Adams.  Small  pow- 
ers are  also  used  at  Hancock  and  Garfield  on  Kinderhook  Creek,  at 
Berlin  and  Petersburg  on  the  Little  'Hoosic,  and  at  South  Shaftsbury 
on  Paran  Creek.  Besides  these  there  are  a  great  many  smaller  devel- 
opments of  power  for  private  use  in  all  parts  of  the  area.  Many 
farmers  utilize  brooks  for  power  to  run  dairy  and  grinding  machinery. 
The  demand  for  power  on  the  rivers  is  greater  tha:n  the  supply,  so  that 
even  when  the  streams  are  at  more  than  their  average  volume  the  sup- 
ply is  insufficient  for  the  mills  of  the  larger  towns.  In  dry  seasons 
the  supply  is  much  reduced,  but  does  not  fail  altogether. 

Lakes  and  jxmds. — Natural  ponds  are  not  so  numerous  in  this  area 
as  in  some  other  parts  of  New  England.  There  are  about  30,  large 
and  small,  shown  on  the  map,  and  some  artificial  ones  also.  Only  two 
or  three  are  as  long  as  1  mile.  The  largest  is  Pontoosuc  Lake,  on  the 
southern  boundary,  but  this  lies  mostly  outside  of  the  quadrangle  and 
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its  outlet  is  southward.  The  level  of  many  ponds  has  been  raised  by 
dams  so  as  to  increase  their  capacity  as  reservoirs,  and  other  re^^ervoirs 
have  been  made  by  damniing  narrow  valleys.  The  largest  reser\'oir, 
which  is  just  south  of  Cheshire,  is  3  miles  long  and  one-fourth  to 
one-third  of  a  mile  wide. 

City  and  domestw  vnter  supplies. — So  far  as  known  all  the  cities  and 
most  of  the  villages  get  their  water  supply  from  mountain  brooks. 
Some  farmers  get  their  water  from  brooks,  but  most  of  them  derive 
their  supply  from  springs. 

UNDERGROUND  WATERS. 

Except  so  far  as  revealed  by  springs,  nothing  is  known  of  the 
distrilmtion  or  quality  of  the  underground  waters  of  this  area.  The 
water  of  the  mountain  springs,  whether  issuing  from  drift  or  from  the 
rock,  is  generally  of  excellent  quality.  No  bored  wells  have  yet  been 
noted  within  the  area  and  dug  wells  are  few.  Those  seen  were  all 
sunk  into  the  drift,  generally  to  depths  less  than  20  feet.  In  the  rela- 
tively low  area  north  and  west  of  Bennington  and  Hoosick  Falls  wells 
are  probably  more  common,  but  most  of  this  area  remains  to  \ye 
investigated.  In  a  general  way  the  chanu*.ter  of  the  rocks  and  the 
geologic  structure  seem  to  afford  no  certain  promise  of  succesi*  in 
boring  artesian  or  flowing  wells.  The  artesian  wells  at  Dalton,  a  few 
miles  south  of  this  quadrangle,  appear  to  flow  from  a  great  fault  ci-ack 
which  was  struck  accidentally  by  an  experimental  boring. 

Mineral  springs, — The  only  important  mineral  spring  thus  far  noted 
is  Sand  Spring,  on  the  north  side  of  Broad  Brook,  about  li  miles 
north-northwest  of  Williamstown  station.  The  following  information 
relating  to  this  spring  was  obtained  from  Dr.  S.  Louis  Lloyd,  who 
owns  the  spring  and  runs  a  sanitarium  and  baths  at  that  place.  The 
spring  boils  up  through  white  sand  and  flows  400  gallons  a  minute 
without  noticeable  variation,  even  during  periods  of  extreme  drought. 
The  temperature  of  the  water  is  76^^  F.  winter  and  summer.  Its 
purity  and  mineral  contents  give  it  valuable  medicinal  properties  for 
both  drinking  and  bathing.  A  circular  issued  by  the  proprietor  give> 
the  following  anaWses,  made  by  Leverett  H.  Mears,  professor  of 
chemistry  in  Williams  College: 

Chemical  analt/m  of  waiter  of  Sand  Sprin(js<. 

Parts  per  100.000. 

Lithium  chloride 0.  a353 

Sodium  chloride 0768 

Acid  calcium  carbouate 3. 2249 

Acid  magnesium  carl)onate 2. 6479 

Calcium  sulphate 7262 

Aluminum  sesquioxide 0325 

Iron  senquioxiile 0075 

Silica 7028 

Sodium  carbonate 4641 

7.9178 
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Sft  nUa  nj  n  nn  lijstK 

100.000. 

Color,  odor  and  sediment None 

I  Total 12.  6200 
Volatile 2.4(m 
Fi  xed 1 0. 1 600 

Chlorine 1300 

Ammonia,  free 0000 

Ammonia,  albuminoid 0018 

Nitrogen  as  nitrites 0000 

Nitrogen  aa  nitratea 0152 

(ro-i*  ayialysis. 

Carbon  dioxide : 30 

Oxygen 11.  .34 

Nitrogen 88.  36 

This  spring  issues  from  the  drift-covered  slope  north  of  Hoosit* 
River  and  stands  somewhat  more  than  loo  feet  above  it.  It  appears 
to  lie  almost  directly  in  line  with  a  prominent  fault  which  runs  north 
and  south  along  the  east  side  of  Mason  Hill  in  Vennont,  emerging  a 
little  more  than  a  mile  south  of  the  point  where  the  fault  passes  from 
view  under  the  drift.  Considering  its  relatively  high  temperature,  its 
constancy  of  volume  and  temperature,  and  its  mineral  properties,  it 
seems  probable  that  the  water  of  this  spring  comes  from  the  fault  and 
hence  from  a  deep-seated  source. 

There  may  be  other  mineral  springs  in  the  (luadrangle,  but  none  are 
known  at  present. 

TXFT.UENCE   OF  WATER   SUPPLY   ON   SETTLEMEXT. 

The  presence  of  water  power  has  been  the  main  influence  in  locating 
the  cities  and  villages  of  this  area.  Four  cities — Adams,  North  Adams, 
Hoosick  Falls,  and  Bennington — all  owe  their  location  to  this  cause,  and 
the  positions  of  most  of  the  villages  have  been  determined  by  the  same 
influence.  Farmhouses  in  this  area  are  usually  located  with  reference 
to  convenience  of  access  to  some  spring  or  brook.  The  area  is  com- 
paratively poor  in  agriculture.  Except  in  the  northwestern  part,  the 
valleys  ar^  narrow  and  the  hill  farms  are  generalh'  stony  and  barren. 
With  the  decline  of  agriculture,  farmers  had  to  find  other  ways  of  mak- 
ing a  living.  Many  of  them — the  hill  farmers  especially — have  met  the 
difficulty  by  keeping  ^'city  boarders,"  and  most  of  them  have  found  it 
profitable,  as  is  abundantly  proved  by  the  better  appearance  of  their 
places.  The  region  is  justly  famed  as  a  summer  and  autumn  resort 
for  health  and  pleasure,  and  the  prosperity  of  a  considerable  part  of 
its  population  depends  much  upon  the  annual  coming  of  visitors.  Pure 
drinking  water  and  the  scenic  charms  of  clear,-  rapid,  mountain  brooks 
constitute  important  factors  among  the  many  attractions  that  draw 
.summer  visitors  to  this  region. 


WATER  RESOURCES  OF  THE  .W ATKINS  GLEN 

QUADRANGLE  NEW  YORK. 


By  Ralph  S.  Tarr. 


LOCATION   AND   DRAINAGE. 

The  Watkins  Glen  quadrangle  is  located  in  south-central  New  York. 
and  includes  the  areas  mapped  on  the  Elmira,  Waverly,  Watkins,  and 
Ithaca  topographic  sheets  of  the  United  States  Geological  Survey. 
In  it  are  located  Elinira,  Ithaca,  and  a  number  of  smaller  cities  and 
towns.     It  is  crossed  by  a  portion  of  the  divide  that  rises  between  the 
Oswego  and  Susquehanna  drainage  systems,  and  includes  some  of  the 
headwaters  of  each  system.     Chemung  River  crosses  the  Elmira  and 
Waverly   quadrangles   in   the   southern   part  of   the  area,  carrying 
through  Elmii-a  the  drainage  of  2,055  square  miles  of  country.    Next 
in  size  to  the  Chemung  Valley  arc  the  two  northward  sloping  valleys 
occupied  by  Cayuga  and  Seneca  lakes,  with  drainage  areas  of  1,598 
and  7()7  square  miles,  respectiyel3\     Throughout  the  quadrangle  one 
effect  of  glaciation  has  been  to  cause  changes  in  divides^  which  have 
turned  streams  from  one  drainage  area  into  another.     As  a  result, 
many  of  the  strean)s  flow  in  valleys  that  are  out  of  proportion  to  the 
volume  of  water  they  carry;  some  large  valleys  contain  small  streams, 
some  large  streams  flow  in  small,valleys.     This  condition  has  an  impor- 
tiint  bearing  on  the  distribution  of  underground  water,  whose  direc- 
tion of  movement  may  consequently  often  be  directly  opposite  to  that 
of  the  surface  water. 

None  of  the  streams  of  this  area  are  of  value  in  navigation;  but  the 
Chemung  Valley  was  the  site  of  a  canal,  now  abandoned  after  having 
been  operated  at  a  loss.  Both  Cayuga  and  Seneca  lakes  are  seats  of 
navigation,  but  this  shared  the  decline  of  the  Erie  Canal,  with  which 
the  lakes  are  connected  b}^  short  branch  canals.  Many  hydrographie 
problems  connected  with  these  lakes  have  not  yet  been  investigated. 

The  overdeepening  of  the  two  lake  valleys,  possibly  by  ice  erosion, 
has  left  the  tributaries  hanging  far  above  the  level  of  the  lakes.  In 
descending  to  lake  level  the  tributaries  therefore  have  high  grades, 
and  in  the  short  time  since  the  Glacial  epoch  have  been  unable  to  do 
more  than  form  steep- walled  gorges  througli  which  the  water  flows  in 
a  scries  of  rapids  and  falls.  These  gorges,  falls,  and  rapids  are  exceed- 
ingly picturescjue,  and  in  the-  case  of  Taghanic  Falls,  Watkins  Glen, 
and  Havana  Glen,  have  won  wide  reputations.     The  water  power  of 
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some  of  these  streams  is  used  for  running  grist  and  other  mills;  that 
of  Fall  Creek  furnishes  power  for  generating  the  electricity  used  at 
Cornell  University  and  gave  opportunity  for  the  construction  of  the 
hydraulic  laboratory.  Through  general  deforesting  the  value  of  the 
streams  for  purposes  of  power  is  decreasing. 

WATER  SUPPLY.^ 

The  surface  streams  are  used  by  the  towns  in  the  area  as  a  source 
of  municipal  water  supply,  in  some  cases,  as  at  Ithaca  and  Elmira, 
after  tiltration.  The  need  of  such  filtration  was  forcibly  impressed 
upon  the  people  of  Ithaca  by  an  epidemic  of  typhoid  fever  in  1903, 
which  resulted  from  the  pollution  of  creek  water,  then  supplied  unfil- 
tered.  All  the  surface  waters  are  notably  hard,  as  the  following 
analyses  show.  The  hardness  results  from  the  solution  of  lime  and 
other  salts  from  the  shales  and  from  the  glacial  deposits,  which  consist 
in  large  measure  of  ground-up  shale  and  limestone.  So  much  lime  is 
at  times  carried  in  solution  that  springs,  on  emerging,  precipitate  it, 
forming  deposits  of  calcareous  tufa. 

The  condition  of  this  surface  water  is  clearly  illustrated  by  the 
following  analyses  of  two  creeks  whose  mouths  onl}'^  are  within  the 
Watkins  quadrangle,  but  whose  waters  have  been  studied  with  especial 
carcbecAuse  of  their  relation  to  the  Ithacan  water  supply. 

RefftUtif  of  examinaJtion  of  water  from  Fall  Creek  ai  Ithaca. 
[Parts  per  million.    Prof.  E.  M.  Chamot,  analyst.] 


Date. 


1903 

February  13 

Februarj'  14 

Februarj'  16 

February  17 

Febniary  18 

February  19 

October:  b 

Maximum . . . 

Minimum  . . . 
November:  ft 

Maximum . . . 

Minimum  ... 
December:  fc 

Maximum . . . 

Minimum  . . . 


Color. 

Nitrogen  a»— 

Chlo- 
rine. 

Hard- 
neflR 
(alka- 
linity). 

• 

Car- 
bon 
diox- 
ide. 

Turbid- 
ity. 

Albu- 
minoid 

am- 
monia. 

Free 
am- 
monia. 

Ni- 
trites. 

Ni- 
trates. 

36.00 
65.00 
33.00 
18.00 
24.00 
22.00 

42.00 
.25 

10.00 
.25 

1.00 
.20 

150.00 
13.00 

104.00 
13.00 

25.00 
6.00 

0.071 
.071 
.078 
.094 
.082 
.082 

0.031 
.031 
.023 
.028 
.016 
.023 

Tr. 

Tr. 

Tr. 

0.002 
.002 
.002 

2.08 
1.82 
1.54 
1.35 

1.818 
1.667 

2.26 
1.25 
1.50 
1.60 

65.8 
HO.l 
80.1 

1.24 

2.24 

1.714 

84. 7     2. 19 

108.0  1 

. 

55.0 

108.8 
63.8 

116.0 
.  87. 5 

1 

1 

1 



1 
1 

1 

a  I  take  pleasure  in  acknowledging  the  aatdMance  of  Mr.  Lawrence  Martin  in  obtaining  data  con- 
cerning the  water  resources;  of  Mr.  C.  C.  Vermeule,  engineer  for  the  Ithaca  water  board,  and  hia 
assistant,  Mr.  Getman,  who  supplied  me  with  carefully  kept  record.s  and  sampler;  and  of  Prof.  E.  M. 
Chamot,  of  Cornell  Univeniity,  for  analyses  and  other  information  about  the  chemical  features  of  the 
problem. 

ft  Daily  ob8ervations. 
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Remtlts  of  ejraminaHon  of  waUr  from  tSirmile  Oreek  al  Ithaca. 

[Prof.  E.  M .  Chamot,  analyst.] 


Raw  water  before  filtration. 


Bacteria  per  c.  c. 


Turbidity. 


1908^. 
October . . . 
November 
December. 
January  .. 
February  . 

March 

April 

May 

June 

July 

August 

September 

ATerage  .. 


Aver- 
age. 


Maxi- 
mum. 


7,220 
5,460 
2,900 
6,200  I 
13,400 
28,600 
7,830  I 
7.300  I 
7,500 
1,060  ' 
2,400  ' 
1,200 


7,550 


36,000 
23,000 

8.600 
520,000 
97,000 
115.000 
50,500 
85,000 
62,000 

6,500 
18,000 

2,800 


Mini- 

Aver- 

mum. 

age. 

860 

(«) 

800 

31 

900 

8 

Maxi- 
mum. 


Color. 


Alkalinity. 


Mini-   Aver- !  Maxi- 
mum. ,  age.    mum. 


I 


Mini- 
mum. 


Aver- 
age. 


Maxi-  Mh^'- 

mum.  inuni. 


1,000 

1,500 

2,500 

1,500 

450 

460 

350 

400 

500 


13 


1,800 

160 

35 

2.500 


I 


0.25 

.8 

.75 
5.0 


46 

400 

6.0 

220 

3,000 

5.0 

104 

400 

40.0 

40 

600 

10.0 

47 

250 

7.0 

67 

95 

28.0 

76 

200 

4o.O 

57 

80 

18.0 

68 

45 

63  I 

33 

14 

11  ' 

13 

111 

18 

15, 

9  ' 
20  ' 

9  i 


128  > 
160 

85 

40 

24 

24 

20 

24 

3-1 


27 


45 
20 


21 


2.5 

18.0 

14.0 

10.0 

4.0 

5.0 

5.0 

5.0 

5.0 

3.0 

1.0 

3.0 


81 
82 
S9 
76 


72 


a* 

54 

72 

94 

127 

127 

131 

91 


l»4.0 
92.5 
97.5 

100.0 
S5.0 

67.  .T 
95.0 

125.0 

iao.o 

140.0 
140.0 


t*>.  ' 
*fli  ■ 

4:-.' 
vJ-'  > 

-K    < 

ST  ^■ 

K\  ■> 

lau'j 
III"  .^ 

li'j  ■■ 


a  Too  variable  to  average. 

It  goes  almost  without  saying,  that  springs  and  wells  are  common  in 
this  area,  and  that  their  waters  resemble  in  hardness  the  creek  waters 
at  low  stage.  Many  of  the  wells,  especially  on  the  hill  farms^  are  in 
rock;  others  are  in  glacial  drift;  and  some  are  in  post-Glacial  deposits. 
Most  of  the  shallow  wells  show  decided  fluctuation  with  season.  The 
most  copious  springs  occur  in  the  regions  of  outwash  gravels  and  near 
the  margins  of  alluvial  fans,  into  which  the  stream  water  often  sinks, 
reappearing  as  springs. 

In  a  number  of  places  in  the  area  there  are  deep  wells  in  which  the 
water  rises  nearly  or  quite  to  the  surface.  This  is  true,  for  example, 
just  south  of  Watkins,  at  Montour  Falls,  near  Breesport,  and  in  the 
outwash  gravels  in  and  near  Elmira.  In  only  one  place,  however, 
have  the  water  resources  of  the  glacial  deposits  been  extensively 
exploited,  namely,  at  Ithaca.  Prior  to  the  introduction  of  a  city  water 
supply  the  town  of  Ithaca  depended  upon  wells,  and  even  at  the  pres- 
ent time  many  of  these  are  in  use.  Some  of  these  are  shallow  dug 
wells  that  receive  the  drainage  of  a  densely  populated  hill  slope. 
Others  are  in  gravels  of  alluvial  fans,  built  where  Sixmile  and  Casca- 
dilla  creeks  emerge  from  their  gorges  upon  the  Ithaca  delta  plain. 
Many  of  the  Ithaca  wells  are,  however,  driven,  and  furnish  artesian 
water.  The  depth  which  these  wells  reach  varies,  being  in  most  cases 
from  80  to  100  feet,  and  in  some  of  the  wells  the  water  has  head 
enough  to  permit  piping  to  the  second  floor.  They  are  both  overlain 
and  underlain  by  an  extensive  stratum  of  clay.  In  the  table  following 
the  first  seven  analyses  show  the  general  character  of  this  water. 
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Toward  the  western  side  of  the  v^alley  a  well,  120  feet  deep,  known 
as  the  ''Fourth  street  well,"  was  drilled  by  a  committee  of  citizens 
during  the  typhoid  epidemic.  The  flow  of  water  from  it  was  estimated 
to  be  about  100,000  gallons  a  dny.  Near  it  is  a  well  to  the  same 
water-bearing  bed,  which  is  pumped  by  a  salt  company  for  use  in  dis- 
solving salt  to  form  brine.  It  yields  from  300,000  to  400,000  gallons 
a  day  by  pumping.  Its  composition  is  shown  by  analysis  No.  8,  in 
the  accompanying  table.  Just  south  of  the  cit\',  near  the  western 
side  of  the  delta  plain,  2  deep  wells  have  been  put  down  by  a  com- 
mittee of  citizens,  and  11  by  the  Ithaca  water  board.  These  13  wells 
are  not  far  apart,  and  most  of  them  are  very  near  an  artesian  well, 
known  as  the  "Illston  well,"  that  was  bored  several  years  ago.  This 
well  showed  a  flow  of  over  300,000  gallons  a  day,  by  weir  measure- 
ment, in  the  spring  of  1903.  Two  of  the  wells  reached  rock,  one  at  a 
depth  of  260  feet,  the  other  at  a  depth  of  342  feet.  Of  the  13  wells, 
9  are  flowing,  and  the  engineer  of  the  water  board  estimates  that 
the}'  have  a  total  capacity,  when  pumped,  of  between  2,000,000  and 
3,000,000  gallons  daily,  which  is  more  than  ample  for  the  city  of 
Ithaca.  A  number  of  wells  are  clustered  around  the  lUston  well, 
and  reach  the  same  water-bearing  series  at  a  depth  of  about  280  feet. 
That  the  various  wells  tap  the  same  water-bearing  layers  is  evident 
from  their  influence  upon  one  another.  The  pressure  in  the  Illston 
well,  for  example,  is  reduced  from  18  to  12  pounds  when  all  the  adja- 
cent wells  are  flowing.  Whether  the  estimated  capacity  of  the  wells 
will  be  actually  reached  when  all  the  wells  have  been  pumped  for  a 
while  remains  to  be  seen. 

These  14  wells  reveal  a  set  of  conditions  in  the  Ithaca  delta  as  fol- 
lows:^ Below  an  upper  series  of  beds  of  soil  and  muck  about  10  feet 
thick  is  a  bed  of  clay  varying  in  thickness  from  place  to  place  and 
underlain  at  depths  ranging  from  60  to  90  feet  by  water-bearing  sands 
and  gravels  that  vary  in  thickness  from  30  to  60  feet.  Beneath  the 
sand  and  gravel  is  a  great  depth  of  uniform  clay,  attaining  a  thickness 
of  120  to  150  feet.  Then  sandy  clays,  quicksands,  sands,  and  gravels 
are  encountered.  Even  in  wells  drilled  but  a  few  feet  apart  the  sec- 
tions through  the  water-bearing  layers  difl'er,  as  one  would  expect  in 
glacial  sands  and  gravels.  This  variation  makes  well  boring  very 
uncertain.  Seveml  of  the  wells  reached  a  quicksand  so  filled  with 
water  and  under  such  pressure  that  it  rose  in  the  pipe  faster  than  it 
could  be  removed.  The  more  successful  wells  reached  either  gravel, 
or  sand  with  gravel,  from  which  the  sand  could  be  jettied  out,  leaving 
a  protecting  mass  of  pebbles  around  the  pipe  mouth.  Amid  such 
varying  conditions  the  sinking  of  a  well  in  this  region  is  very  much 
of  a  lottery,  even  though  it  be  true,  as  it  seems  to  be,  that  the  sand- 

aTarr,  R.  S.,  Artesian  well  sections  at  Ithaca,  N.  Y.:  Jour.  Geol.,  vol.  12, 19(M,  pp.  69-82. 
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gravel  series  beneath  the  clay  is  very  extensive  and  everywhere  ivater 
bearing. 

The  beds  in  which  the  wells  are  located  are  a  part  of  the  series  oi 
ice-front  deposits  associated  with  the  stand  of  the  glacier  in  this  region. 
The  source  of  the  water  is  unquestionably  the  moraine  series  that 
occupies  the  bottom  of  the  valley  of  the  Cayuga  Inlet,  farther  soutii. 
This  being  the  case,  the  water  suppl}^  must  be  great.  That  the  watt  r 
has  long  been  underground  is  indicated  by  the  analyses  (Nos.  9  and  h* 
in  the  table)"  and  by  its  temperature,  which  in  both  August  an*l 
December  was  52^  F.  The  Ithaca  experiment  will  be  watched  with 
interest,  for  if  only  two-thirds  of  the  estimated  capacity  of  the  wells  i^ 
realized  it  will  show  a  set  of  conditions  in  glacial  deposits  favoring,  in 
a  very  limited  region,  the  development  of  an  extensive  water  supply. 

a  The  analyses  of  the  water  of  the  Illston  well  doubtlesH  represent  approximately  the  couditJoD  < : 
the  water  in  the  neighboring  wells  oi  which  analyses  are  not  yet  available. 


WATER  RESOURCES  OF  CENTRAL  AND  SOUTHWEST- 
ERN HIGHLANDS  OF  NEW  JERSEY. 


By  LArRKNCE  La  Forge. 


INTRODUCTION. 


Locatixrtu — This  region,  that  part  of  the  Highlands  south  of  Andover 
and  Pompton,  about  two-thirds  of  the  Highland  area  of  the  State, 
includes  portions  of  the  Morristown,  Lake  Hopatcong,  Haekettatown, 
Delaware  Water  Gap,  SomeiTille,  High  Bridge,  and  Easton  quad- 
rangles, and  comprises  paits  of  Morris,  Warren,  Hunterdon,  Somerset, 
and  Sussex  counties,  covering  an  area  of  about  685  square  miles.  The 
limestone  valle3's  lying  within  the  Highlands  are  usually  considered 
a  part  of  the  area  and  will  be  so  regarded  in  this  paper,  together  with 
the  pailially  inclosed  valleys,  such  as  the  Pohatcong  and  Pequest  val- 
leys, which  extend  between  the  Highland  ridges  for  some  distance,  but 
open  out  into  the  Great  Valley. 

Popvlation. — The  population  of  the  area  is  a  little  over  76,000. 
This  includes  the  entire  population  of  such  places  as  Morristown, 
Boonton,  and  Bernardsville,  which  lie  partly  within  the  Highlands, 
but  not  the  population  of  places  like  Clinton,  Pompton,  or  Morris 
Plains,  which  are  just  outside  the  base  of  the  Highlands,  nor  of  places 
like  Philipsburg  and  Belvidere,  which  are  more  properly  comprised 
in  the  Kittatinny  Valley.  Of  these  75,000  people,  somewhat  over 
two-thirds  live  in  towns  and  villages,  the  strictly  rural  population 
averaging  less  than  35  per  square  mile.  There  are  20  towns  and  vil- 
lages having  500  or  more  inhabitants,  and  about  50  more  having  from 
100  to  500  inhabitants.  The  rate  of  increase  for  the  area  as  a  whole 
is  al)out  1  per  cent  a  year,  but  the  actual  increase  is  confined  to  the 
larger  manufacturing  towns  in  the  valleys  and  to  the  parts  of  the 
southeastern  border  which  are  becoming  popular  suburbs  of  New 
York.  In  all  of  the  upland  portion  and  throughout  the  larger  part 
of  the  valley's  of  the  northern  and  central  parts  of  the  area  the  popu- 
lation is  decreasing,  there  being  a  steady  drift  away  from  these  locali- 
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ties.  This,  however,  when  the  w^hole  area  is  considered,  is  sli^flitlr 
more  than  offset  bv  the  influx  from  outside  to  the  manufacturinj 
towns  and  popular  residence  localities. 

Industries, — The  agricultural  industry  of  the  region  is  not  so  ifni>*>r- 
tant  as  formerly,  being  now  largely  confined  to  the  valleys  and  tlu- 
peach -growing  districts  on  the  less  rugged  uplands  of  the  southtni 
portion.     Luml)ering  is  conducted  on  a  small  scale.     Iron    nlininL^ 
formerly  carried  on  in  a  small  way  at  many  places  in  the  area«  ha^ 
become  concentrated  at  a  few  important  points  and  the  mines  el*-*.'- 
where  have  been  abandoned.     There  is  a  considerable  and  g'rowin<r 
amount  of  manufacturing  in  the  larger  towns,  mainly  connected  with 
the  iron  industry.     The  eastern  slope  of  the  Highlands,  notably  aUuit 
Morristown  and  Bernardsville,  has  become  a  popular  suburban  rt^gion 
and  is  being  rather  thickly  settled,  while  certain  of  the  wilder  and 
more  beautiful  of  the  upland  districts,  such  as  those  on   Mine  and 
Schooley  mountains  and   about   Budd,   Cranberry,   and    Hopatconcf 
lakes,  are  favorite  outing  places,  and  of  late  years  have  a  considera- 
ble summer  population. 

Climate^  soil^  etc, — The  average  temperature  of  the  Highland  region 
for  the  year  is  about  47' ,  the  average  for  the  winter  being  about  27  . 
and  the  ground  and  streams  are  usually  frozen  during  the  greater  part 
of  the  winter.  The  average  annual  rainfall  ranges  from  88  to  4^ 
inches  in  various  parts  of  the  region,  and  from  30  to  55  inches  iu 
different  years.  Usuall}'  there  is  somewhat  more  precipitation  in 
summer  than  in  winter.  The  average  annual  snowfall  is  about  5  feet, 
which  is  equivalent  to  about  6  inches  of  rain,  so  that  about  12  to  lo 
per  cent  of  the  precipitation  falls  as  snow. 

North  of  the  terminal  moraine  the  soil  is  largely  glacial  material, 
entirely  so  along  the  moraine  and  in  the  tilled  valleys.  South  of  the 
moraine  the  bulk  of  the  soil  in  the  valleys  is  also  of  glacial  derivation, 
consisting  of  out  wash  plains  in  front  of  the  moraine  and  of  stream - 
washed  drift  lower  down  the  valleys,  but  there  are  also  areas  of  clay 
soil  resulting  from  the  weathering  of  the  limestone  and  shale.  On  the 
uplands  the  soil  is  derived  from  the  disintegration  of  the  gneiss  and  is 
as  a  rule  stony  and  not  very  fertile. 

Forests  cover  a  large  proportion  of  the  area,  a  proportion  ranging 
from  90  per  cent  and  more  at  the  north  and  northeast  to  30  per  cent 
or  less  at  the  south  and  southeast.  A  greater  percentage  of  the  upland 
than  of  the  valleys  is  forested,  and  a  greater  proportion  of  the  gla- 
ciated area  than  of  that  lying  outride  the  moraine.  Except  in  parts  of 
the  limestone  valleys  and  the  plains  of  washed  drift  the  soil  is  not  very 
fertile,  and  the  region,  on  this  account  and  because  of  the  ruggedness 
of  a  great  part  of  it,  is  not  well  adapted  for  cultivation.  The  forest- 
covered  area  is  increasing,  as  much  of  the  land  that  was  formerly 
cultivated  is  being  abandoned. 
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T<)P<H5KAI»HY.  » 

The  Highland  rej^ion  is  a  dissected  plateau,  lying  a^)out  5(K)  feet 
above  the  lower  country  on  either  side,  and  lM)unded  on  the  southeast 
by  the  Piedmont  Plain  and  on  the  northwest  hy  the  Great  Appalachian 
Valley,  here  known  as  the  Kittatinny  Valle}'.  Northea.stward  the 
Highlands  continue  into  New  York,  and  to  the  southwest  they  extend 
past  the  Delaware  for  some  distance  into  Penns^ivania. 

The  belt  trends  northeast  to  southwest  and  consists  of  several  roughly 
pamllel  ridges  and  valleys  which  have  nearly  the  same  trend,  but  are 
not  without  local  irregularities.  A  considerable  [K)rtion  of  the  original 
plateau  surface  remains  as  the  summits  of  the  broader  ridges,  reaching 
elevations  of  1,200  to  1,300  feet  in  the  northwestern  part  and  declin- 
ing gently  both  southeastward  and  south  west  ward.  The  highest  point 
in  the  area,  standing  at  an  altitude  of  1,333  feet  alM)ve  sea  level,  is  in 
the  town  of  Jeffei'son,  northeast  of  Lake  Hoi>atcong.  The  descent  of 
about  500  feet  from  the  plateau  to  the  lower  regions  on  each  side  is 
rather  abrupt,  and  the  longitudinal  valleys  within  the  highlands  have 
been  c*ut  down  about  the  same  amount  toward  their  lower  ends. 

DRAINAOE. 

Lakes  and  pimdn, — As  there  is  abundant  minfall  in  the  region  and 
much  compamtively  level  upland  surface,  with  deep  soil  on  most  of 
the  unglaciated  portion,  and  natural  storage  basins  everywhere  in  the 
glaciated  portion,  the  entire  area  is  well  watered.  On  the  slopes  there 
are  abundant  springs,  none  very  large,  but  many  which  never  fail,  and 
which  can  be  depended  on  as  sources  of  supply.  Since  much  of  the 
area  is  forested  and  other  conditions  are  favorable  to  the  absorption  of 
water  by  the  rocks,  a  large  proportion  of  the  rainfall  becomes  ground 
water,  and  a  large  jmrt  of  the  remainder  is  stored  for  a  time  in  natural 
or  artificial  reservoirs. 

Ijakes  and  ponds  are  abundant  in  the  glaciated  area,  the  principal 
ones  being  enumerated  in  the  following  list.  Of  these  several  are 
entirely  artificial,  and  nearly  all  the  rest  have  been  enlarged  by  raising 
the  outlet  level.  Five  are  supply  reservoirs  for  the  Morris  Canal  and 
most  of  the  others  are  or  have  been  mill  or  forge  ponds. 

IRR  110—05 10 
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I^incijxU  Uikea  and  ]xmtU  in  central  and  southivestem  highlands  of  A>*r  Jer^rtf. 


Name. 


Lake  Hopatcong 

Budd  Lake 

(ireen  Pond  (Morris  County) . . 

Stanhope  re>>ervoir 

Split  Rock  Pond 

Denmark  Pond 

Cranl)erry  Lake 

Green  Pond  (Warren  County). 

Stickle  Pond 

For^*  Pond 

Shongum  Ponci 

Waterlo<  >  Pond 

Allanuichv  Pond 

Durham  I'ond 

Panther  Pond 

Bear  ponds 

Dixon  Pond 

Wright  Pon(i 

Stag  Pond 


Area  of 

water 

surface. 


Acres. 
2,443 

475 

460 

339 

315 

172 

154 

117 

110 

m 

70 
68 

47 
41 
38 

:« 

31 
23 


Area  of 

drainage 

basin. 


Square 
mile*. 

25.4 
4.5 
1.7 
4.9 
5.3 
4.5 
3.0 
5.2 
1.7 

10.1 
2.9 

(?) 
1.8 

(?) 
0.5 

0.6 

3.5 

3.4 

0.3 


Eleva-    I 
tion. 


Frd. 
928 

933 

1,045 

a59 

815 

818 

771 

399 

783 

775 

698 

64a 

775 

880 


Drainafce  !«v«tcic. 


M  uficonetctjng. 
Raritan. 
Rock&wav. 
Miiscon  et<-«  >nsr. 
Rocka"w-ay. 

Do. 
M  u.sconet<^>iig. 
Pequest. 
Pe(]uana<-. 
RcH'kaway. 

Do. 
M  U8CH  )net«  •<  >niZ' 
Pe(]uest. 
Rockawav. 


766  '  Pe«iue8t. 

977     Musconetconu- 

560  I  Rockawav. 

I 
743  I  Miisconetcoiig. 

820  1  Do. 


o  Lake  Hopateong  is  naturally  drained  down  Musconetoong 
summit  level  of  the  Morris  Canal,  so  that  a  considerable  part 
the  Rockaway. 


River,  but  it  supplies  water  for  ti'j*^ 
of  its  drainage  actually  passes  dovn 


In  addition  to  the  lakes  and  ponds  named  above,  there  are  alwut 
100  small  mill  ponds  and  reservoirs,  all  artificial  and  mostly  out»*ide 
the  moraine,  and  about  80  glacial  kettle  holes,  which  contain  pond^ 
each  several  acres  in  extent. 

Swamps  are  numerous  within  or  immediately  in  front  of-the  glacial 
boundary,  and  largely  increase  the  amount  of  storage  on  some  of  the 
streams.  The  largest,  but  also  the  lowest  in  elevation,  are  the  (ireat 
Meadows  of  the  Pequest  and  the  long  swamp  on  the  upper  course  of 
the  Black  River.  The  rugged  forest-covered  area  in  Sussex  and 
northern  Morris  counties  contains  scores  of  small  mountain  swamp^^. 
caused  by  glacial  choking  of  old  drainage  channels,  many  of  which  lie 
at  the  very  heads  of  the  streams,  at  elevations  of  1,000  feet  or  more. 

Stream }<. — The  region  is  drained  partly  by  streams  flowing  along 
longitudinal  valleys  to  the  Delaware,  and  partly  by  streams  flowintf 
in  }>()th  longitudinal  and  transverse  valleys  and  reaching  New  York 
Hay.  The  principal  rivers  are  the  Pequest,  Musconetcong.  Raritan. 
and  Passaic,  the  two  last  named  being  the  largest  and  most  important 
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streams  of  the  State.  The  entire  region,  except  areas  traversed  by 
Pohatcong  Creek  and  sonie  minor  streams  that  flow  directly  into  the 
Delaware,  is  drained  by  these  four  rivers. 

Pequest  River  i8  not  properly  a  highland  stream,  its  sourre  and 
most  of  its  headwaters  being  in  the  Kittatinny  Valley,  but  in  the 
lower  part  of  its  course  it  flows  in  a  valley  which  separates  Jenny 
Jump  and  Mohepinoke  Mountains  from  the  rest  of  the  Highlands,  and 
throughout  its  length  it  receives  a  part  of  the  Highland  drainage.  At 
the  head  of  Great  Meadows,  where  it  enters  the  Highlands,  it  is  at  an 
elevation  of  532  feet.  From  here  to  Townsbury,  where  it  escapes 
from  the  terminal  moraine,  it  falls  but  22  feet  in  10  miles.  This  part 
of  its  course  is  through  the  bed  of  a  temporary  lake  which  was  formed 
behind  the  moraine  afttn*  the  retreat  of  the  ice,  and  until  a  few  vears 
ago,  when  extensive  drainage  works  were  completed,  the  meadows 
were  an  impassable  moi-ass.  From  Townsbury  to  Buttzville,  where 
the  river  emerges  again  from  the  Highlands,  it  falls  130  feet  in  6  miles 
and  considerable  water  power  is  developed  along  this  stretch. 

Pohatcong  Creek  rises  near  Mount  Bethel  at  an  elevation  of  1,000 
foet  and  falls  4(X)  feet  in  5  miles  to  the  valley  at  Karrville,  along  which 
it  flows  for  18  miles  farther,  reac^hing  the  Delaware  at  135  feet  eleva- 
tion.    Small  water  powers  are  developed  at  several  points. 

The  ultimate  source  of  the  Musconetcong  is  in  the  town  of  Sparta, 
north  of  the  area  under  consideration,  at  an  elevation  of  1,200  feet. 
It  flows  through  Lake  Hopatcong  at  928  feet,  Stanhope  reservoir  at 
859  feet,  and  Waterloo  Pond  at  640  feet,  emerging  from  the  moraine 
at  Hackettstown,  12  miles  from  its  source,  at  560  feet.  From  here  to 
the  Delaware,  31  miles  below,  it  falls  430  feet.  Lubber  Run,  its  prin- 
cipal tributary,  falls  450  feet  in  10  miles  from  its  source  to  where  it 
joins  the  main  stream  near  Waterloo  Pond.  Abundant  water  power  is 
developed  at  a  number  of  points  on  both  streams. 

Karitan  River,  the  largest  in  the  State,  drains  the  central  and  south- 
ern parts  of  the  area  through  three  principal  tributaries — the  North 
and  South  branches  and  Black  River — and  empties  into  Raritan  Bay, 
an  arm  of  New  York  Bay.  South  Branch,  the  principal  stream,  rises 
in  Budd  Lake  at  933  feet  and  falls  270  feet  in  3  miles  to  Bartley,  where 
it  reaches  the  low-lying  German  Valley,  along  which  it  turns  and  runs 
11  miles  to  Califon,  falling  200  feet  on  the  way.  Here  it  plunges 
through  a  narrow  gorge  6  miles  long  and  emerges  from  the  Highlands 
at  High  Bridge  at  an  elevation  of  220  feet.  It  carries  a  large  volume 
of  water  and  furnishes  abundant  power  at  many  places.  North  Branch 
is  not  so  large;  its  ultimate  source  is  near  Calais  at  an  elevation  of 
1,000  feet.  It  falls  600  feet  in  the  first  6  miles,  but  is  here  hardly 
more  than  a  brook.  From  Ralston  it  cuts  through  Mine  Mountain  in 
a  gorge  of  uneommonh^  picturesque  beauty  and  emerges  upon  the 
lower  plateau  at  only  180  feet.     Though  of  small  volume,  it  has  a  swift 
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current  and  is  utilized  for  power  at  several  points.  Black  River,  the 
third  branch,  rises  in  the  moraine  a  little  east  of  the  southern  end  of 
Lake  Hopatcong,  crosses  the  Succasunna  Plains,  falling  only  200  feet 
in  11  miles,  and  then  drops  440  feet  through  a  gorge  6  miles  long  in 
the  Eastern  Range,  leaving  the  Highlands  at  Pottersville  Falls  at  24(J 
feet. 

The  remainder  of  the  area  is  drained  by  Passaic  River,  which  empties 
into  Newark  Bay,  another  arm  of  New  York  Bay.  The  main  stream 
is  of  little  importance  in  its  Highland  portion.  It  falls  only  289  feet 
in  5  miles  from  its  source  near  Mendham  to  where  it  leaves  the  gorge 
at  280  feet  elevation.  The  Whippany,  another  small  branch,  rises 
near  Mount  Freedom  and  falls  500  feet  in  8  miles,  but  is  here  a  mere 
brook.  For  the  next  3  miles  along  Washington  Valley  to  Morristown 
it  is  sluggish  and  flows  through  swamps  most  of  the  way.  It  leaves 
the  Highlands  at  810  feet  and  lower  down  becomes  an  important  power 
stream.  The  Pequanac,  another  tributary  of  the  Passaic  lying  alto- 
gether outside  this  area,  drains  a  part  of  the  northeastern  corner. 

The  largest  branch  of  the  Passaic,  and  the  most  important  in  this 
area,  is  the  Rockaway.  This  river  rises  high  on  the  plateau  to  the 
north  of  the  area,  enters  it  in  the  Longwood  Valley  at  about  750  feet, 
flows  south  westward  nearl\^  to  Wharton,  where,  at  660  feet,  it  turns 
eastward  and  cuts  obliquely  through  the  Eastern  Range,  emei^ing 
below  Boonton  at  240  feet.  In  the  last  li  miles  of  its  gorge  it  falls 
250  feet,  furnishing  one  of  the  line  water  powers  of  the  State.  It  has 
a  large  flow  and  is  an  impoitant  stream  both  for  power  and  for  water 
supply. 

GEOLOGY. 

The  rocks  of  the  Highlands  proper  are  gi-anitic  and  hornblendic 
gneisses,  hornblende  and  biotite-schists  with  lenses  of  magnetite, 
highly  metamorphosed  limestone  and  serpentine,  and  narrow  bands 
of  conglomerate  and  quartzite,  also  considerably  metamorphosed. 
The  origin  of  the  gneisses  and  schists  is  uncertain,  but  a  part  at  least 
were  certainly  igneous,  and  some  of  the  remainder  were  probably  of 
sedimentary  origin.  Throughout  much  of  the  area  they  are  arranged 
in  bands  differing  more  or  less  in  character,  and  the  strike  of  these,  as 
well  as  of  the  lenses  of  serpentine  and  iron  ore  and  of  the  strips 
of  sedimentary  rocks,  usually  differs  but  little  from  the  northeast- 
southwest  trend  of  the  ridges  and  valleys. 

These  rocks  are  for  the  most  part  very  resistant  to  weathering,  and 
give  a  bold,  rugged  character  to  the  topography  occupying  the  higher 
portions  of  the  area,  but  the  longitudinal  valleys  throughout  most  of 
their  length  are  cut  in  much  less  resistant  limestones  and  shales. 
These  valley  rocks  and  the  strips  of  sediments  on  the  ridges  are  of 
Cambrian,  Ordovician,  and  Silurian  age,  while  the  gneisses  andschist-i 
are  pre-Cambrian.     The  age  of  the  metamorphic  white  limestones  is 
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not  yot  settled.     There  are  a  few  dikes  of  diabase  and  amphibolite  in 
certain  areas,  but  as  a  rule  intriLsive  roi-ks  are  wanting. 

The  terminal  inoniine  of  the  Wisconsin  ice  sheet  crosses  the  area 
from  Denville  to  Buttzville,  and  in  the  northern  third  of  the  region 
considerable  areas  of  rock  surface  are  found  on  the  ridges,  while  the 
valle3\s  are  filled  with  sand  and  gravel  to  a  depth  of  200  feet  in  places. 
Glacial  modifications  of  drainage  are  numerous,  and  in  this  part  of  the 
area  a  numl>er  of  swamps  dmin  in  several  directions. 

WATER  RESOURCES. 

Import  an  cp  of  region, — This  region,  together  with  its  northeastward 
extension  into  New  York,  is  perhaps  the  most  important  in  the  United 
States  from  the  point  of  view  of  water  supply,  because  of  its  prox- 
imity to  the  great  metropolitan  area  about  New  York  City  and  its 
natuml  advantages  as  a  collecting  ground.  The  population  of  the  por- 
tion of  New  Jersey  east  of  the  Highlands  and  north  of  Somerville  and 
New  Brunswick  is  over  1,100,000,  and  of  that  part  of  New  York  south 
of  the  Highlands  and  exclusive  of  Long  Island,  nearly  2,300,000. 
While  the  cities  and  towns  of  a  considerable  part  of  this  area  are  still 
supplied  with  water  from  local  sources,  much  of  the  region  is  rapidly 
becoming  so  thickly  settled  that  in  a  short  time  it  will  be  impracti- 
cable, except  in  a  few  limited  cases,  to  depend  longer  on  the  local 
supply,  both  because  of  its  inadequacy  and  of  the  increasing  danger  of 
pollution.  The  need  of  further  supply  for  New  York  City  is  again 
becoming  pressing,  and  because  of  the  limits  area  of  the  Highlands 
within  the  State  of  New  York,  from  which  area  the  present  supply  is 
drawn,  it  may  be  necessary  to  go  far  up  the  Hudson  or  outside  the 
State  limits  into  Connecticut  or  New  Jerse}^  for  additional  water. 
Besides  the  population  alread}^  mentioned,  that  of  Brooklyn  and  Queens 
boroughs  and  Nassau  Count}^  on  Long  Island  amounts  to  1,300,000. 
A  considerable  part,  possibly  all,  of  the  supply  for  this  territory  can 
probably  always  be  obtained  from  the  deep  water-bearing  gravels  of 
Long  Island,  but  in  the  future  legal  complications  may  interfere  with 
the  obtainment  from  this  source  of  the  quantity  needed,  and  at  least  a 
part  of  the  supply  may  have  to  be  procured  from  the  mainland. 

Nhtural  advantages, — The  Highlands  lie  in  immediate  proximity  to 
this  belt  of  dense  population,  forming  its  natural  boundary  on  the 
northwest.  The  rainfall  is  abundant,  the  region  is  thinly  settled  and 
largely  forested,  and  most  of  it  is  poorly  adapted  to  the  purposes  of 
agriculture.  There  are  many  and  capacious  natural  storage  basins, 
and  the  whole  district  is  so  elevated  that  water  may  be  delivered  by 
gravity  and  under  considerable  head  to  the  more  densely  peopled  dis- 
trict. There  is  but  little  local  contamination,  and  the  region  is  so 
poorly  adapted  to  ordinary  uses  that  the  sequestration  of  large  parts 
of  it  as  gatheiing  and  storage  grounds  for  metropolitan  water  supplies 
is  practicable  at  relatively  small  expense.     These  advantages  have  long 
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been  recognized,  and  the  Highlands  have  repeatedly  been  {lointed  out 
as  the  future  source  of  wat(»r  supi)ly  for  the  cities  of  northern  Now 
Jersey,  and  the  couvservation  of  the  Highland  waters  for  that  purpotse 
has  been  often  urged. 

MINERAL  HPRING8. 

There  is  but  one  mineral  spring  of  note  in  the  area,  the  formerly 
well-known  Sc^hooley  Mountain  Spring,  located  on  the  western  slept* 
of  Schooley  Mountain,  about  2  miles  south  of  Hackettstown.  The 
result  of  an  analysis  of  its  water  as  given  by  Peale'*  is  shown  below: 

AnalysU  of  uxtter  of  Schooley  MounUiin  i^ring. 

Parts  per 
1,000,000. 

Calcium  sulphate 28. 7 

Calcium  carbonate 24. 3 

Magnesium  carbonate , 27. 4 

Iron  carbonate 9. 9 

Sodium  carbonate 9. 9 

Sodium  chloride 7. 4 

Silica 12.7 

Almnina 2. 4 

Ammonia Trace. 

Carbon  dioxide  (dissolved  gas) Undet, 

This  spring  was  formerly  a  popular  resort;  buildings  were  erected 
about  it  and  the  water  was  sold  to  visitors,  but  it  is  now  abandoned  and 
the  water  is  no  longer  used. 

WATER  POWER. 

The  climatic  and  topographic  conditions  being  favorable,  the  amount 
of  available  water  power  along  the  streams  of  the  Highland  region  is 
considerable  and  it  has  been  largely  utilized.  Of  late  years  a  notable 
change  has  been  made  in  the  use  of  this  power,  as  the  numlier  of 
plants  making  use  of  water  power  has  diminished,  but  the  total  amount 
utilized  remains  about  the  same.  This  is  due  to  the  fact  that  wherea.s 
there  were  formerly  numerous  small  sawmills,  flour  mills,  iron  forges, 
and  the  like,  each  using  a  little  power,  many  of  these  have  been 
abandoned,  but  there  are  in  place  of  them  several  large  establishment^ 
which  have  been  erected  at  favorable  points  and  which  use  a  consider- 
able amount  of  power. 

From  a  census  of  water  powers  of  the  State,*  made  by  the  geological 
survey  of  New  «]ersey  in  1890,  it  appears  that  in  the  region  discussed 
in  this  paper  there  was  a  total  of  about  11,500  horsepower  used,  3,0(X> 
horsepower  being  used  by  mills  on  the  Musconeteong  and  branches^ 
2,200  on  Rockaway  River  and  branches,  and  4,500  on  the  two  branches 
of  the  Raritan  and  their  tributaries,  the  remainder  being  developed 
along  various  small  streams,  the  Pequest  standing  at  the  head  of  these. 

'I  Peale,  A.  C.  Mineral  Hpnngs  of  the  United  StAtcH:  Bull.  r.  S.  Geol.  Survey  No.  3*2,  p.  43, 
f>  Vcrmeulc,  ('.  C\,  Fiual  Kopi.  (tt*ol.  Survey  New  Jersey,  vol.  3:  apftcndix  1,  water  powers. 
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Tho  largest  development  is  in  the  j^orj^e  at  I^ooiitoii,  where  there  is  a  fall 
of  2f)()  feet  from  the  pond  at  Powerville  to  Old  lioonton,  with  an  esti- 
mated available  horsepower  of  over  2,000,  of  which  about  1,(500  was 
utilized.  At  Highbridge,  on  the  Karitan,  about  1,200  horsepower  is 
developed,  and  considerable  amounts  are  used  at  Hughesville  and 
Riegelsville,  on  the  lower  Musconet-cong. 

Though  a  much  larger  amount  of  power  than  has  yet  been  utilized 
could  be  made  available  on  these  streams  by  proper  conservation  of 
the  water  in  ponds,  and  the  amount  of  manufacturing  thus  consider- 
ably increased,  the  fact  must  be  recognized  that  the  uses  of  water  for 
power  and  for  city  supply  conflict,  and  that  one  must  necessarily 
largely  preclude  the  other.  If,  as  seems  highly  probable,  the  larger 
part  of  the  stream  and  pond  water  in  this  region  will  before  many 
years  have  passed  be  sequestrated  for  municipal  supplies,  the  devel- 
oped water  powers  of  the  Highland  region  are  not  likely  to  be  fur- 
ther increased,  but  will  probably  be  considerably  diminished,  at  least 
on  the  Rockaway  and  Karitan  and  their  branches. 

THE   MORRIS  CANAL, 

One  of  the  largest  users  of  water  in  the  Highlands  at  the  present 
time,  and  one  which  controls  the  water  rights  of  several  of  the  largest 
and  most  impoiiant  storage  reservoirs,  is  the  Morris  Canal,  which 
traverses  the  region  from  Philipsburg  to  Boonton,  passing  through 
Washington  and  Hackettstown,  crossing  the  low  divide  near  Lake 
Hopatcong,  thence,  via  Dover  and  Rockaway,  issuing  from  the  High- 
lands through  the  gorge  at  Boonton.  It  rises  from  156  feet  at  Dela- 
ware River  to  913  feet  at  the  summit  level,  and  then  descends  to  288 
feet  on  the  level  below  Boonton  and  to  tide  water  at  Jersey  City.  At 
Powerville  and  at  Dover  the  boats  are  locked  into  and  out  of  the 
Rockaway;  therefore  the  whole  flow  of  the  stream  is  available  at  these 
points  if  needed  for  the  purposes  of  the  canal.  Again,  along  the  Mus- 
conetcong,  from  Stanhope  to  Saxton  Falls,  the  waters  of  the  canal  and 
river  mingle  at  several  points. 

Lake  Hopatcong,  Cranberry  and  Stanhope  reservoirs,  and  Bear  and 
Waterloo  ponds  are  controlled  by  the  canal  corporation,  and  the  water 
of  these  bodies  is  used  for  the  canal  suppl3^  All  except  Lake  Hopat- 
cong supply  the  western  slope  of  the  canal,  and  the  water  thus  i-eaches 
the  Delaware.  The  Hopatcong  feeder  enters  the  canal  at  the  sunnnit 
level  and  furnishes  the  whole  supply  for  the  part  of  the  eastern  slope 
within  the  Highlands,  except  the  water  taken  from  Rockaway  River. 
Nearly  all  the  water  drawn  from  Lake  Hopatcong,  therefore,  passes 
down  the  eastern  slope  and  reaches  New  York  Ba^s  instead  of  follow- 
ing the  original  course  of  drainage  from  the  lake  to  the  Delaware. 

Gagings  have  shown  ^'  that  the  canal  appears  to  use  very  nearly  the 

a  Vermeule,  (•.  ('.,  Final  Repl.  (ieol.  Survey  New  Jersey,  vol.  3,  Appendix  1,  WattT  Power,  p.  196. 
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whole  supply  which  can  be  obtaiued  from  the  reservoirs  in  their  pre^s- 
ent  condition — in  fact,  the  whole  available  supply  in  a  dry  season — &» 
well  as  an  unknown  amount  from  the  streams  at  the  points  where  the 
waters  are  mingled;  but  by  raising  the  dams  and  increasing  the  stol-age 
the  reservoirs  could  be  made  to  supply  all  the  water  needed  by  the 
canal  in  the  driest  seasons,  as  the  rainfall  on  the  catchment  bsisin  is 
ample  when  carried  over  by  storage.  It  would  seem,  then,  that  the 
continued  use  of  the  canal  w^ould  preclude  the  collecting  of  any  sur- 
plus water  from  the  upper  Musconetcongand  Lubber  Run  wat4?i-sheds. 
Nearly  all  the  water  used  by  the  canal,  however,  goes  to  make  gooil 
the  leakage,  which  is  large  on  account  of  the  hillside  location  of  long 
stretches  of  the  canal  and  the  nature  of  the  soil.  From  measurement^ 
made  by  Messrs.  J.  J.  K.  Crocs  and  G.  W.  Howell  this  leakage  ha«* 
been  estimated  at  1.74  cubic  feet  per  second  per  mile,  and  nearly  the 
whole  of  this  is  returned  to  the  streams,  hence  it  again  becomes  avail- 
able for  storage  in  reservoirs  on  the  lower  courses  of  the  streams  and 
is  not  entirely  lost  as  a  source  of  municipal  supply. 

The  use  of  water  for  the  ordinary  purposes  of  the  canal  impairs  to 
a  very  considerable  extent  its  quality  for  domestic  water  supply, 
though,  indeed,  the  water  of  the  canal  is  used  to  some  extent  for  that 
purpose  in  some  of  the  towns  along  its  course.  Unfortunately,  in 
one  or  two  of  the  larger  towns  the  canal  receives  the  discbarge  of 
sewers,  and  throughout  its  length  it  is  the  receptacle  of  more  or  less 
refuse  of  all  sorts,  so  that  the  use  of  its  water  for  household  purposes 
ought  to  be  discontinued.  The  bulk  of  the  leakage  occurs  by  percola- 
tion through  the  soil,  and  hence  the  escaped  water  is  to  some  extent 
purified  by  the  filtration  it  undergoes  in  the  process;  but  much  of  it 
escapes  as  overflow  at  the  spillways,  and  the  filtration  of  much  of  the 
rest  is  probably  imperfect,  as  it  is  likely  that  long-continued  leakage 
along  certain  lines  has  established  little  channels  in  the  soil  through 
which  the  water  percolates  with  little  or  no  filtration. 

The  water,  then,  of  valley  streams  which  derive  a  large  part  of  their 
flow  from  the  leakage  from  the  canal  is  still  of  doubtful  purity  for 
domestic  use,  but,  in  view  of  the  comparatively^  small  pollution  which 
the  canal  water  must  suffer  and  the  large  dilution  which  the  escaped 
water  undergoes  by  mingling  with  stream  water  derived  from  other 
sources,  as  well  as  the  purification  which  would  be  brought  about  by 
its  storage  in  large  reservoirs  on  the  lower  courses  of  the  streams,  it 
is  probable  that  the  escaped  water  is  not  unfit,  after  such  dilution  and 
purification,  to  be  stored  for  a  metropolitan  supply,  especially  if  the 
reservoirs  are  large  enough  and  the  dilution  is  ample.  It  should  lie 
noted  in  this  connection,  however,  that  for  some  time  there  has  been 
a  movement  to  bring  about  the  abandonment  of  the  canal.  Should 
this  be  accomplished,  it  would  set  free  for  other  uses  the  largo  quan- 
tities of  water  at  present  required  for  the  purposes  of  the  canaK  and 
would  remove  that  particular  soun^e  of  pollution. 


1.A  HiBiin]        WATKK8  OK  HART  OK  HIGHLANDS  OK  NEW  JKK8KY. 


151 


UK'AL    WATBU    srPPi.IES. 


Retptlret/untH. — ^There  are  about  20  towns  and  villages  in  or  upon 
the  immediate  border  of  the  part  of  the  Highlands  discussed  in  this 
pjiper  that  are  large  enough  to  need  water  systems,  and  10  of  them 
have  such  systems.  With  the  exception  of  Morristown  and  Dover 
these  places  are  all  of  less  than  4,000  population,  and  the  amount  of 
water  needed  for  their  supply  is  comparatively  small.  The  total  pop- 
ulation of  those  towns  that  have  a  water  supply  is  al)out  32,000,  and 
of  those  towns  that  are  likely  to  need  such  a  supply  within  the  next 
ten  years  is  alwut  8,0(K),  so  that  the  total  number  of  people  for  whom 
local  supplies  of  any  magnitude  must  be  reserved  is  not  great. 

PreHent  sovrcen. — As  will  be  seen  from  the  accompanying  table, 
those  towns  that  have  public  water-supply  systems  procure  water 
from  mountain  springs,  except  Dover  an<J  Morristown,  which  procure 
a  part  of  their  supplies  from  drilled  wells.  It  will  also  be  noticed 
that  municipal  ownership  is  rare,  only  Dover,  Hackettstown,  and 
High  Bridge  owning  their  systems.  Most  of  the  systems  are  owned 
by  companies,  and  in  one  or  two  cases  the  ownership  is  private  and 
only  part  of  the  village  is  supplied  by  the  system.  The  present 
sources  of  supply  are  ample  for  all  present  needs  as  well  as  for  the 
near  future,  while  in  the  cases  of  all  but  the  largest  towns  it  is  prob- 
able that  an  ample  supply  for  all  future  needs  can  always  be  obtained 
from  sources  now  available. 

The  data  incorporated  in  the  table  were  procured  by  correspond- 
ence with  oflScers  of  the  various  towns  or  of  the  water  companies. 
No  report  was  received  from  Gladstone,  and  the  data  given  are  derived 
from  the  best  information  available  for  that  village. 

Li9sl  of  municipal  water  systems. 
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The  water,  being  tuken  directlj^  from  inonntiiin  spring's  or  fioni 
drilled  wells  in  favorable  locations,  is  in  all  cases  pure  and  wholesouie. 
and  there  is  slight  danger  of  contamination.  Morristown  and  Hack- 
ettstown  report  analyses  that  show  water  of  exceptional  purit^^  For 
all  except  the  larger  towns  the  springs  furnish  an  ample  supply,  and 
hence  drilled  wells  have  been  resorted  to  only  where  the  population  i> 
so  large  that  the  supply  from  springs  has  been  insufficient. 

SURPLUS  SUPPLIES. 

Since  the  local  population  that  requires  a  public  water  supply  is  not 
large,  and  since  the  supply  is  in  all  cases  drawn  from  wells  or  springs 
and  not  from  streams  or  large  ponds,  the  effects  which  the  needs  of 
this  population  will  have  on  the  available  supply  for  metropolitan  pur- 
poses is  negligible.  On  the  other  hand,  since  for  most  of  those  towns 
an  ample  supply  can  in  the  future  be  obtained  from  the  present  sources, 
their  available  supply  is  not  likely  to  be  affected  injuriously'  by  the 
utilization  of  the  lake  and  stream  water  for  the  needs  of  the  large 
cities.  Many  of  the  towns  along  the  eastern  bases  of  the  Hig'hiands 
seem  destined  to  have  a  large  increase  of  population  in  the  future  as 
metropolitan  suburbs,  and  provision  must  be  made  for  a  greater  sup- 
ply for  these,  but  they  are  fortunate  in  being  located  near  small  streams 
that  flow  from  the  hills,  which  are  of  sufficient  volume  to  supply  all 
their  needs,  but  which  run  at  too  low  an  elevation  or  furnish  too  small  a 
quantity  of  water  to  be  used  to  advantage  for  the  supply  of  cities  at 
a  distance.  The  growing  manufacturing  centers  at  Washington  and 
about  Dover  and  Wharton  may  also  require  larger  amounts  of  water  in 
the  future  than  can  be  obtained  from  springs  and  drilled  wells,  ])ut  the 
needs  of  those  places  may  be  met  without  seriousl}'^  diminishing  the 
supply  needed  for  city  puiposes.  Washington  especiall3%  l)eing  located 
on  Pohatcong  Creek,  which  flows  to  the  Delaware  and  is  not  so  situated 
as  to  be  used  to  advantage  by  the  cities  lying  east  of  the  Higb]and>, 
will  probabl}'  always  have  a  sufficient  supply  for  local  needs.  Shon- 
gum  Pond  and  Den  Brook  may  easily  be  made  available  for  a  supply 
for  Dover,  and  might  well  be  reserved  for  that  purpose. 

Need^  of  the  metnypoUtan  arm, — The  need  of  water  for  the  metro- 
politan area  has  already  been  briefly  mentioned.  Leaving  out  of  con- 
sidemtion  the  3,400,000  inhabitants  of  the  New  York  part  of  the 
metropolitan  district,  there  are  over  1,100,000  in  the  New  Jersey  por- 
tion— about  60  per  cent  of  the  population  of  the  State.  The  popula- 
tion of  this  congested  area  is  increasing  at  the  I'ate  of  40  per  cent  in  a 
decade,  and  should  the  increase  continue  at  the  same  rate  in  fifty  year^ 
the  population  of  the  New  Jersey  portion  of  the  area  alone  will  1k» 
a  little  less  than  0,000,000.  To  keep  pace  with  this  increase  then* 
must  necessarily  be  a  gradual  abandonment  of  the  local  sources  of 
water  supply  and  a  turning  to  more  distant  regions  where  the  supply 
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will  })c  lH)th  lari^cr  and  in  less  danger  of  contamination.  Newark  has 
already  taken  this  step,  and  Jersey  (^ity  is  at  present  providing  for  a 
su}>ply  from  the  Roekaway,  at  Old  Boonton.  Other  large  cities  of 
the  district  must  soon  take  similar  measures. 

It  has  long  been  known  that  there  is  no  better  region  to  which  to 
turn  for  this  purpose  than  the  Highlands,  where,  not  more  than  25 
miles  from  any  of  the  cities  of  the  district,  a  pure  and  abundant  supply 
of  water  is  available.  Some  of  the  cities  of  the  metropolitan  area  are 
at  present  consuming  about  95  gallons  of  water  a  day  per  capita,  and 
though  this  amount  seems  excessive  and  implies  waste  of  the  wate? , 
still,  to  provide  for  possible  contingencies,  a  source  of  supply  which 
will  be  capable  of  furnishing  100  gallons  a  day  per  capita  if  necessary 
should  be  secured.  On  this  basis,  if  the  population  of  the  New  Jersey 
portion  of  the  metropolitan  district  continues  to  increase  at  the  present 
rate,  in  fifty  years  the  inhabitants  will  require  a  supply  of  not  less 
than  500,000,000  gallons  a  day. 

Aniomit  ofmpply. — According  to  the  estimates  of  C.  C.  Vermeule,** 
the  amount  of  water  which  can  be  collected  on  each  of  the  watersheds 
of  this  region  with  proper  storage  is  as  follows: 

Ilockaway  River  (above  Boonton),  78  million  gallons  a  day;  Raritan 
River  (Highland  bi-anches),  92  millions;  Musconetcong  (above  Hamp- 
ton), 82  millions;  a  total  of  252  million  gallons  a  day.  An  equal  or 
greater  amount  could  be  collected  from  the  Ramapo,  Wanaque,  and 
Pequannock  rivers  in  the  northeastern  Highlands,  so  that  the  amount 
of  water  in  the  Highlands  which  could  be  used  for  metropolitan  supply 
is  upwards  of  500  million  gallons  a  da}-,  an  amount  very  much  in 
excess  of  the  present  needs  of  the  New  Jersey  portion  of  the  metro- 
politan area,  and  sufficient  to  meet  the  wants  of  this  area  for  a  long 
time.  This  estimate  takes  no  account  of  the  waters  of  the  Highland 
portions  of  the  Passaic  and  Whippany,  which  are  small  in  amount  and 
issue  from  the  hills  at  so  low  an  elevation  as  not  to  be  advantageously 
used  to  supply  places  at  a  distance;  nor  of  the  Pohatcong  and  Pequest, 
which  flow  to  the  Delaware,  and  the  waters  of  which  could  not  be 
carried  to  the  eastern  side  of  the  Highlands  without  considerable 
expense.  Furthermore,  these  last  streams  drain  limestone  areas,  and 
their  waters  are  not  so  desirable  for  use  as  those  of  the  more  strictly 
Highland  streams. 

The  water  of  the  four  impoitant  Highland  streams  which  flow  east- 
ward, the  Rockaway  and  Black  rivers  and  the  North  and  South 
branches  of  the  Raritan,  can  be  collected  in  storage  basins  at  or  near 
the  points  where  they  issue  from  the  Highlands  and  delivered  by 
gravity,  making  them  easily  available,  and  at  relatively  small  expense. 

a  Vermeule.  C.  C,  Water  supply:  Geol.  Survey  of  New  Jersey,  vol.  3,  pp.  146,  et  seq.  The  writer 
desires  here  to  ncknowledife  his  iudcbtednenH  to  this  book,  which  i«  a  mine  of  valuable  information 
regarding  the  water  resources  of  New  Jersey  and  has  been  used  freely  in  the  preparation  of  thia 

4»ttper. 
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The  North  Branch  of  Roc'kawav  Creek,  in  Hunterdon  (Joiintv,  rouM 
also  be  u.sed  to  advantage  by  the  construction  of  a  reservoir  near 
Mountainville,  and,  it  is  estimated,  would  furnish  more  than  8  million 
gallons  a  day.  The  waters  of  the  Musconetcong  could  be  made  avail- 
able by  the  construction  of  a  storage  basin  at  Hampton  and  a  t^mnv^l 
through  the  hill  to  Glen  Gardner,  and  thence  to  the  South  Branch  of 
the  Karitan;  or  a  part  of  the  Musconetcong  could  be  utilized  by  ihi^ 
c<^)nstruction  of  a  reservoir  in  the  upper  valley  and  a  tunnel  through 
Schooley  Mountain.  Furthermore,  Lake  Hopatcong,  which  drain> 
naturally  to  the  Musconetcong,  lies  so  close  to  the  divide  that  \i> 
waters  could  be  diverted  to  the  Rockawa}*^  and  thus  about  17  million 
gallons  a  day  could  be  added  to  the  flow  of  that  stream. 

There  is  a  variation  of  over  50  per  cent  between  the  least  and  great- 
est rainfall  in  the  Highland  region,  and  thus  a  very  great  variation  in 
the  amount  of  water  collectible  in  dry  and  wet  years,  but  the  esti 
mates  of  Mr.  Vermeule  are  conservative  and  are  based  on  the  com- 
puted flow  for  the  driest  eighteen  consecutive  months  on  record,  and 
the  amount  of  water  given  as  available  for  the  different  streams  may 
be  relied  upon  under  all  conditions. 

Character  of  the  water. — ^The  water  of  the  Highlands  in  its  natural 
state  is  of  the  very  best  quality,  and  a  more  satisfactory  supply  from 
this  point  of  view  could  not  be  desired.  Under  present  conditions, 
however,  the  water  of  the  larger  streams  and  of  one  or  two  of  the 
lakes  suffers  contamination  from  several  sources,  and  this  must  V^ 
guarded  against  before  the  water  will  be  entirely  fit  for  use.  The 
Rockaway  receives,  above  the  reservoir  now  being  constructed  for  the 
Jersey  City  supply,  the  sewage  of  Boonton,  Rockaway,  Dover,  ami 
Wharton,  with  an  aggregate  population  of  14,000.  This  sewage,  how- 
ever, is  all  to  be  diverted  before  the  reservoir  is  put  into  service,  and 
the  topography  of  the  region  is  such  that  this  can  be  done  with  little 
trouble.  Hackettstown,  with  2,500  inhabitants,  is  situated  on  the  mid- 
dle course  of  the  Musconetcong,  and  there  are  increasing  summer  colo- 
nies on  the  shores  of  Hopatcong  and  Budd  lakes,  while  there  are  still 
one  or  two  important  iron-mining  localities  in  the  region,  beside>a 
large  blast  furnace  at  Wharton.  All  these  are  to  a  considerable  extent 
sources  of  contamination,  but  in  nearl}'  all  cases  the  draina^  can  W 
conducted  out  to  points  below  the  sites  where  storage  basins  could  W 
most  advantageously  constructed. 

Though  the  village  population  is  rather  large  in  some  other  partes  of 
the  region,  as  along  the  stretch  of  (xerman  Valley,  where  the  villajr*-' 
from  Kenville  to  Calif  on  have  an  aggregate  population  of  over  SJ*"". 
it  is  as  a  whole  not  increasing,  and  the  rural  population  nearly  everv- 
where  is  decreasing,  so  that  the  danger  of  contamination  other  than 
from  the  large  towns  and  manufacturing  (^enters  seems  likely  t<. 
decrease  rather  than  increase  in  the  future. 
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AvailahUlty. — Here,  in  immediate  proximity  to  a  larf»;e  and  rapidly 
growing  urban  diHtrict,  for  which  there  will  be  need  in  the  not  very 
distant  future  of  an  abundant  water  supply,  i«  a  region  which  is 
especially  fitted  by  its  natural  advantages  to  be  the  gathering  ground 
for  that  water  supply — a  very  nearly  ideal  gathering  ground.  It  seems 
certain,  if  the  growth  of  the  metropolitan  population  continues  at  its 
present  rate,  that  in  a  few  decades  it  will  be  necessary  to  utilize  very 
nearly  all  the  available  water  obtainable  in  the  Highlands  for  the  needs 
of  that  population  and  to  conserve  the  supply  by  the  construction  of 
storage  reservoirs.  For  this  purpose  it  will  therefore  be  necessary  to 
set  apart  considerable  portions  of  the  region,  both  to  provide  room  for 
the  storage  basins  and  to  prevent  contamination  within  their  catchment 
areas. 

This  seems  inevitable,  and,  like  all  work  of  the  kind,  it  can  be  done 
at  less  expense  and  at  greater  advantage  now  than  later,  and,  as  a 
further  motive  for  early  action,  it  should  be  noted  that  the  present 
need  is  great.  When  there  are  also  taken  into  consideration  the 
manifest  adaptability  of  this  region  for  use  as  a  State  park  and  the 
desirability  of  preserving  its  natural  beauty  for  the  enjoyment  of  the 
people  of  the  deuvsel}'^  settled  area  to  the  east,  together  with  the  fact 
that  this  use  of  the  region  would  not  conflict  with  its  use  as  a  source 
of  Wttter  supply,  the  argument  for  the  sequestration  of  a  large  part 
of  the  Highland  area  by  State  action,  with  the  conservation  of  its 
natural  beautv  as  well  as  its  waters  for  the  use  of  over  one-half  of  the 
people  of  the  State,  becomes  more  potent.  Indeed,  it  may  well  be  a 
subject  for  interstate  action,  since,  as  has  been  shown,  the  needs  of 
the  population  on  the  New  York  side  of  the  Hudson  are  likely  soon 
to  be  greater  that  can  well  be  supplied  from  wateraheds  within  the 
bounds  of  New  York  State,  while  since  the  advantages  of  the  High- 
lands as  a  recreation  ground  would  be  as  easily  available  to  the  people 
of  New  York  as  to  those  of  New  Jersey,  the  former  State  could  well 
afford  to  share  with  the  latter  the  expense  of  sequestration  of  the 
region,  especially  since  a  considerable  part  of  the  New  York  High- 
lands could  advantageoush^  be  included  within  the  area  which  it  is 
desirable  to  reserve  for  this  purpose. 


WATER  RESOURCES  OF  THE  CHAMBERS- 
BURG  AND  MERCERSBURG  QUADRANGLE^;, 
PENNSYLVANIA. 


By  George  W.  Stosb. 


The  Chambersburg  and  Mercersburg  quadrangles  are  Itx^ated  ii: 
southern  Pennsylvania,  about  midway  between  the  eastern  and  westen 
limits  of  the  State,  their  southern  boundaries  lying  within  2  niile^ 
of  the  Pennsylvania-Maryland  line.  They  include  a  portion  of  thr 
Cumberland  Valley,  extending  from  South  Mountain  at  WayneslH>ni. 
Franklin  Count}^  to  Tuscarora  Mountain  on  the  west,  and  a  snuiil 
portion  of  Fulton  County  about  MoConnellsburg. 

The  principal  streams  in  this  area  are  the  Conococheague,  flowinir 
from  South  Mountain  westward  across  the  area;  the  West  Branch  of 
the  Conococheague,  flowing  from  north  to  south  and  joining  the  Cono- 
cocheague  at  the  southern  boundary  of  the  area;  Licking  Creek  and 
Back  Creek,  tributaries  of  the  Conococheague;  and  Little  Antietaiu 
Creek,  issuing  from  South  Mountain,  in  the  eastern  portion  of  the  area- 
All  of  these  streams  have  a  plentiful  flow  of  water  throughout  thr 
year.  They  are  dammed  at  many  places  for  water  power  to  run  gri-^t 
saw,  and  woolen  mills.  Many  of  the  minor  streams  are  similarly  util- 
ized  on  a  smaller  scale.  At  the  mill  above  the  village  of  Markes  an 
electric  plant  has  been  erected,  which  supplies  Mercersburg  and  soni*^ 
of  the  smaller  neighboring  towns  with  light.  Electric  railways  an* 
being  constructed  in  the  area,  and  the  mountain  streams,  especially 
Buck  Run  at  Cove  Gap,  are  contemplated  as  a  source  of  ix>wer.  Th» 
mountain  streams  have  not  been  utilized  to  great  extent  for  this  pur- 
pose, but  they  promise  to  be  a  fruitful  source  of  power  by  reason  of 
their  constant  supply  of  water,  the  feasibility  of  damming,  and  i\w 
large  fall  which  may  be  obtained. 

All  the  streams  in  the  mountain  valleys  and  ravines  furnish  goo<l- 
sized  flows  of  pure,  limpid  water.  On  reaching  the  open  limestone 
valley  the  water  rapidly  sinks  into  the  mountain  wash  and  disappear^, 
ultimately  finding  its  way  into  subterranean  fissures  in  the  limestone. 
There  are  many  large  springs  in  the  limestone  area,  but  no  sy^stem  of 
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underground  channels  has  been  observed.  The  water  from  these  lime- 
stone springs  is  also  pure  and  sparkling  as  it  flows  from  its  rock  cav- 
erns, but  this  is  due  to  its  high  content  of  lime  carbonate,  which  is 
subsequently  precipitated  as  mechanical  sediment.  On  this  account  it 
is  not  so  desirable  for  domestic  uses  as  the  pure  mountain  water,  and 
most  of  the  larger  towns  pipe  their  water  from  the  mountains. 

Chambersburg,  the  county  seat  of  Franklin  County  and  the  railroad 
center  of  the  area,  obtains  its  water  from  Conococheague  Creek,  from 
which  it  is  raised  100  feet  to  reservoirs  on  the  shale  hills  opposite  the 
town.  This  creek  emerges  from  the  mountains  12  miles  east  of  Cham- 
bersburg, where  it  is  fed  by  many  mountain  streams.  It  is  in  general 
a  large  stream,  but  at  this  distance  from  the  mountains  it  is  often 
muddy  and  at  times  low,  and  is  subject  to  contamination  by  waste  from 
small  towns  and  mills  along  its  course.  The  water  is  therefore  not  of 
the  best  quality.  A  purer  and  more  desirable  supply  could  be  obtained 
from  Rocky  Spring  or  Falling  Spring,  about  4  miles  distant,  the  waters 
of  both  of  which,  however,  are  hard;  or,  better  still,  from  Crawford 
Springs,  which  issue  from  the  sandstones  of  South  Mountain,  7  miles 
east  of  the  town. 

Waynesboro  obtains  its  water  from  a  small  mountain  stream  in  South 
Mountain  4  miles  to  the  east,  where  a  receiving  reservoir  has  been 
constructed  250  feet  above  the  town.  The  distributing  reservoir  is 
located  on  a  shale  hill  to  the  north  of  the  town.  FajJ'etteville,  although 
it  depends  chiefly  on  well  water,  pipes  part  of  its  supply  from  springs 
in  South  Mountain. 

The  State  Soldiers'  Orphans'  Industrial  School  at  Scotland  has  a 
water  system  of  its  own,  utilizing  some  small  springs  on  the  premises 
and  pumping  the  water  to  an  elevated  tank.  Greencastle  takes  it^^ 
water  from  several  limestone  springs  that  supply  a  reservoir  situated 
2  miles  east  of  the  town  and  150  feet  above  it. 

Fort  Loudon  has  incased  a  spring  on  the  east  side  of  Cove  Moun- 
tain, 1  mile  west  of  the  town,  and  the  water  is  made  to  flow  contin- 
ually through  the  old  public  pumps  on  the  main  street,  from  which 
the  inhabitants  help  themselves.  This  supph^  is  unusually  pure  and 
cool  on  account  of  its  continual  flow  and  because  it  does  not  stand  in 
an  open  reservoir.  A  similar  flowing  public  pump  is  located  at  Foltz, 
at  which  place  the  waters  of  Buck  Run  are  taken  where  it  issues  from 
the  mountains.  A  company  has  been  formed  to  pipe  this  water  from 
a  point  farther  back  in  the  mountains  to  the  town  of  Mercersburg 
(4  miles  southeastward),  which  at  present  has  only  private  wells. 

McConnellsburg,  west  of  the  mountains,  is  supplied  from  a  spring 
and  reservoir  on  the  mountain  slope  200  feet  above  the  town  and  1^^ 
miles  distant.  The  other  smaller  villages  in  the  area  depend  on  pri- 
vate wells  and  springs  for  their  supply. 
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In  South  Mountain  there  are  several  noted  springs.  Mont  Altn 
Park,  formerly  belonging  to  the  Mont  Alto  Furnace  CoinpHny,  hut 
recently  purchased  by  the  States  as  a  timber  reserve,  is  located  in  m 
gap  through  which  flows  a  stream  that  is  supplied  by  a  number  i»f 
fine  springs,  which  issue  from  the  sandstone.  Pearl  and  Tarbumor 
springs  are  the  best  known.  The  mountains  at  the  gap  have  a  d(»n>f 
growth  of  large  pine  and  fir,  preserved  by  the  Mont  Alto  Company,  tw*\ 
the  park  which  that  companj'  established  here,  with  its  pure  mountain 
stream  and  springs,  and  outlooks  on  the  heights  above,  is  one  of  tht» 
most  attractive  resorts  in  South  Mountain.  All  that  it  lacks  to  make 
it  complete  is  a  hotel. 

At  Crawford  Springs,  in  South  Mountain,  "2  miles  north  of  Fayettc- 
ville.  Doctor  Crawford  once  conducted  a  health  resort.  A  hotel  wa> 
located  here,  and  baths  were  built  over  the  springs.  The  Tarburaer 
Spring  was,  and  is  still,  similarly  utilized.  Springs  are  plentiful  in 
Tuscarom  Mountain  also,  but  none  have  been  developed  for  spe^^ial 
purposes. 

There  are  several  large  limestone  springs  in  the  area,  marked  by 
beds  of  water  cress  and  by  stately  weeping  willows.  At  Fullintr 
Spring  and  Aqua,  3  miles  east  of  Chambersburg,  there  are  numerous 
large  springs,  which  join  to  form  a  good  sized  stream.  These  issue 
from  sandy  beds  in  the  limestone  series  on  the  sides  of  an  anticline. 

Rocky  Spring,  4  miles  north  of  Chambersburg,  flows  from  the  linn*- 
stone  at  a  fault  contact  with  overlying  shales.  This  large  spring  i^ 
one  of  the  chief  sources  of  Back  Creek. 

Blue  Spring,  3  miles  southwest  of  Mercersburg,  issues  in  a  largo 
pool  from  the  center  of  a  flat  anticline  in  the  limestone,  but  again 
flows  through  a  cavern  before  it  finally  emerges  to  form  one  of  the 
chief  sources  of  Licking  Creek. 

Mount  Holly  Springs,  about  25  miles  northeast  of  this  area,  alonir 
South  Mountain,  is  a  very  attractive  summer  resort.  The  spring- 
issue  from  the  sandstone  cut  by  the  gap,  and  a  pretty  park  bus  been 
built  around  them.  Two  hotels  located  here  entertain  a  large  numU'r 
of  summer  visitors.  A  paper  mill  in  the  gap  uses  the  pure  mountain 
water  directly  from  the  springs  and  makes  a  high  grade  of  bond  paper, 
which  is  used  by  the  (xovernment.  Another  paper  mill  uses  the  town 
water,  which  is  piped  from  a  reservoir  at  Cold  Springs,  3  miles  to  the 
southwest.  This  is  not  so  fresh  nor  so  clear  as  the  water  at  the  upper 
mill,  and  (ronsequently  the  paper  is  not  of  so  high  a  grade. 


WATER  RESOURCES  OF  THE  CURWENSVILLE, 
PATTON,  EBENSBURG,  AND  BARNESBORO 
QUADRANGLES,  PENNSYLVANIA. 


By  Frederick  G.  Clapp. 


These  quadrangles  are  situated  near  the  eastern  edge  of  the  bitum- 
inous coal  field  in  the  west-central  part  of  Pennsylvania.  The  first 
three  named  cover  a  north-south  belt  lying  mostly  in  Clearfield  and 
Cambria  counties,  but  include  small  portions  of  Bedford  and  Blair; 
the  Barnesboro  lies  west  of  the  Patton,  in  Cambria  and  Indiana  coun- 
ties. Within  the  area  itself  there  are  no  large  towns;  but  Clearfield, 
with  5,000;  Altoona,  with  29,000;  and  Johnstown,  with  36,000  inhabi- 
tants, lie,  respectiveh',  4,  5,  and  10  miles  outside.  Throughout  the 
region  are  scattered  a  number  of  flourishing  mining  and  other  towns 
having  a  population  of  less  than  3,000,  and  some  of  the  better  parts 
of  the  basins  support  a  scanty  farming  population.  About  one-half  of 
it  consists  of  extensive  barren  tmcts,  either  forested  or  burnt  over, 
which  are  very  sparsely  inhabited. 

.  The  Ebensburg  quadrangle  contains  some  of  the  highest  land  in  the 
State,  the  anticline  along  the  crest  of  Allegheny  Mountain  forming 
the  water  parting  between  the  Conemaugh  and  Little  Juniata  rivers. 
A  second  belt  of  high  land  enters  the  area  along  the  Viaduct  and 
Laurel  Hill  anticlinal  axes;  a  third,  less  continuous,  along  the  Nolo 
axis,  in  the  Barnesboro  quadrangle;  and  a  fourth,  a  broad,  high  wil- 
derness along  the  Driftwood  axis,  cuts  across  the  northwest  corner  of 
the  Curwensville  quadrangle.  With  a  few  exceptions  the  principal 
streams  flow  in  a  northeast  course,  following  in  a  general  way  the  anti- 
clinal axes.  The  largest  river  is  the  West  Branch  of  the  Susquehanna, 
which  rises  on  the  west  side  of  Laurel  Hill  near  Carrolltown  and  flows 
40  miles  before  finally  leaving  the  area.  Chest  Creek,  a  tributary  to 
the  Susquehanna  at  Mahaffey,  has  a  total  length  of  31  miles.  Clear- 
field Creek,  flowing  northeastward  from  Cresson  along  the  western  slope 
of  Allegheny  Mountain,  has  22  miles  of  its  length  within  the  area. 
Other  less  important  streams  are  the  Conemaugh  River,  Two  Lick, 
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Black  Lick,  Anderson,  and  Little  Cleai-field  creeks.  The  grade  of  the 
streams  is  usually  light,  and  none  of  them  are  used  for  power  except 
locally.  In  a  few  instances,  the  most  important  of  which  are  at  Patton 
and  Curwensville,  the  water  supply  for  towns  is  taken  from  neighbor- 
ing creeks. 

With  the  exception  of  small  tracts  of  Pottsville  sandstone,  and  of 
an  area  of  lower  Carboniferous  and  Devonian  rocks  in  the  south- 
eastern part  of  the  Ebensburg  quadrangle,  the  region  is  covered 
entirely  by  the  Lower  Productive  and  Lower  Barren  Coal  Meas- 
ures, and,  as  the  dips  are  very  gentle,  rarely  exceeding  20()  feet  in  a 
mile,  springs  are  numerous  throughout,  furnishing  the  farming  popu- 
lation with  abundant  drinking  water  of  excellent  quality.  Several  of 
the  smaller  towns  obtain  their  water  supply  from  this  source.  The 
principal  exceptions  to  the  general  abundance  of  springs  are  on  the 
})arren  sandstone  flats  covering  the  crests  of  many  of  the  ridges  and 
in  «ome  of  the  shales  of  the  barren  measures,  where  they  form  hilltops 
along  the  Wilmore  and  Johnstown  basins.  The  water  of  the  r^on 
is  near]}-  always  soft. 

At  Cresson  station  is  situated  the  Cresson  Springs  Hotel,  now 
closed,  but  formerly  a  summer  resort  of  the  Pennsylvania  Railroad. 
which  made  much  of  the  water  from  a  "magnesia  spring"  com in«r 
from  a  shale  bed  some  distance  above  the  Mahoning  sandstone.  A 
mile  southeast  of  the  town  are  an  ''iron  spring"  and  a  ^'sulphur 
spring,"  located  at  the  horizon  of  the  Upper  Freeport  coal.  Several 
hotels  at  Crcvsson  and  Altoona  are  reported  to  serve  water  from  these 
springs,  and  it  is  also  sold  extensively  in  Pittsburg.  The  following 
analyses  of  the  waters  were  made  by  Prof.  F.  A.  Genth:** 


Aiialt/Hen  of  vHiter  in  ftpnngs  near  Orestfon  gUition,  JVi, 
[In  parts  per  1,000,000.] 


Iron  spring. 


Alum  spring. 


Sulphate  of  ferric  oxide i  Trace,  j        571.0 

Sulphate  of  alumina I  27.4  .        362.6  ' 

Sulphate  of  ferrous  oxide '  401 . 5  '        278. 0 

I  I 

Sulphate  of  magnesia !  :^86. 1  '        473.6 

Sulphate  of  lime '  836.5  687.4 

Sulphate  of  lithia i  Trace.  .8 

Sulphate  of  soda I  "  28.1  12.0 

Sulphate  of  potash '  5. 5  7. 3 

Chloride  of  sodium .7  .4 

a  Second  Geol.  Survey  Penngylvania,  Rept.  HH,  p.  36. 


MagnesU 
Bpring. 


1.^ 


21.0 
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Analyaes  of  water  in  springs  near  Oreason  statiany  Pa, — Continued. 


Iron  sprinsr. 

Alum  spring. 

Magnesfn 
spring. 

Bicarbonate  of  iron 

86.1 

Trace. 

60.3 

.5 

20.7 

64.1 

0.3 

Bicarbonate  of  mansranese 

Trace. 

Bicarbonate  of  lime 

.4 

Phosphate  of  lime 

Trace. 
32.0 

.1 

Silicic  acid 

15.6 

Chloride  of  magnesium 

9.6 

Chloride  of  calcium 

22.3 

Bicarbonate  of  magnesia 

7.1 

Bicarbonate  of  soda 

24.4 

Bicarbonate  of  potash 

3.5 

Alumina 

.1 

Nitrous  acid 

Trace. 

Carbonic  acid  (free) 

11.3 

•  •"•••  •  —  •• 

1,853.4 

2, 489.  2 

117.6 

The  drinking  and  cooking  suppl^'^  of  the  towns  is  obtained  from 
various  sources,  a  tabulated  list  of  which  is  given  below.  Several  of 
these  are  worthy  of  especial  note.  Curwensville  obtains  its  principal 
supply  from  mountain  springs  situated  2  to  3  miles  from  the  town, 
which  have  been  analyzed  and  found  to  be  exceedingly  pure.  In 
the  middle  of  the  summer  these  springs  sometimes  run  low,  and  at 
such  times  the  water  of  Anderson  Creek  is  used,  being  pumped  to  a 
system  of  sand  beds  through  which  it  is  filtered.  Whenever  a  change 
is  made  to  creek  water  the  company  gives  notice  to  consumers  that  it 
should  be  filtered  or  boiled  before  using.  The  most  extensive  use  of 
creek  water  is  at  Patton,  where  the  water  of  Chest  Creek  is  used 
almost  entirely,  being  pumped  by  the  Patton  Water  Company  unto 
reservoirs.  This  water  is  of  very  good  quality.  In  addition  to  the 
appended  list  Altoona  and  Holidaysburg  must  be  mentioned,  as  they 
obtain  their  water  supply  principally  from  within  the  Patton  and 
Ebensburg  quadrangles.  The  f onner  place  uses  water  from  Burgoons 
Gap  Run,  below  Delaney;  the  latter  from  Blairs  Gap  Run.-  The 
Pennsylvania  Railroad  supply  in  the  vicinity  of  Cresson  comes  from  a 
reservoir  in  Bear  Rock  Run,  several  miles  distant. 
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Sources  of  supply  of  the  principal  towns. 


Name. 


Popula- 
tion. 


Source  of  supply. 


Gallitzin 

Fatten  o 

Curwensville 

Cresson 

Hastings 

Ebensburgl.. 
Spangler  «  . . . 
Bamesboro«. 
Lilly 

Coalport  «  . . . 

Portage 

Carrolltown  . 

Mahaffey 

Irvona 

Grampian  . . . 


2, 700  '  Pumped  to  reservoir  from 
I  mountain  stream  1^  miles 
I      north  of  town. 

2,600  Pumped  to  reservoirs  from 
I      Chest  Creek. 


I  [Mountain  springs 

1, 900  I  Anderson  Creek  when  springs 
\    run  low. 

1, 700  i  Reservoir  on  hillside  east  of 
town. 

1,600  I  Reservoir  in  ravine  above  Stir- 
'      ling  No.  8  mine. 


1,600 
1,600 
1,500 
1,300 

900 
800 
800 

700 

700 

600 


Artesian  wells. 


IReservoir   in    ravine    below 
/     Benedict. 

Small  stream  2  miles  east  of 
town  fed  by  mountain 
springs. 

Wells 


Pumped  from  spring 


Quality  of  water. 


Reported  fairly  good. 


Good. 

Excellent. 
Must  be  filtered. 


Piped  to  town  from  wells  and 
springs. 

No  waterworks;  supply  ob- 
tained from  wells. 

Two  private  water  lines  from 
springs  within  the  borough 
limits  supply  about  one- 
third  of  town;  rest  of  supply 
from  wells. 


Good. 

Contaminated  by  dniih 
age. 

Supposed  to  be  good. 


Good. 


Reported  to  be  best  qual- 
ity. 


Wells  are  good;  water 
from  private  lines  ha? 
been  questioned,  a?  it 
is  in  danger  of  contami- 
nation. 


a  Discussed  in  the  text. 


The  poorest  source  of  supply  is  probably  that  of  Barnesboro  and 
Spangler.  These  two  towns  have  granted  a  franchise  to  a  private 
company  by  which  they  are  furnished  with  water  from  a  reservoir  in 
the  ravine  southeast  of  Spangler.  Above  the  reservoir  has  been  built 
the  mining  town  of  Benedict,  the  drainage  of  which  dangerously  cori- 
tmninates  the  Barnesboro  and  Spangler  supply.  Several  alternative 
sources  have  been  suggested,  the  most  practicable  plan  proposed  prob- 
ably being  to  use  the  water  from  Lancashire  No.  8  mine,  which  is  suppo^^ed 
not  to  be  seriously  polluted,  and  which  is  now  pumped  to  a  private  reser- 
voir. The  use  of  this  water  or  that  from  some  still  less  contaminated 
ravine  in  the  vicinity  might  afford  relief,  but  it  is  doubtful  whether 
the  improvement  would  be  more  than  temporary.  Barnesboro  and 
Spangler,  together  with  the  neighboring  towns  of  Moss  Creek,  Cym- 
hria,  Bakerton,  Hastings,  and  Benedict,  all  within  a  radius  of  3  mile<^, 


n^pp]  WE8T-0ENTBAL   PENNSYLVANIA.  163 

comprise  a  growing  mining  conmiunity  which,  if  it  increases  in  popu- 
lation at  the  present  rate,  will  in  a  short  time  contaminate  all  the 
water  in  the  vicinity.  It  is  improbable  that  any  of  the  ravines  con- 
taining outcrops  of  workable  coal  can  escape  contamination  within  the 
next  few  years. 

Conditions  similar  to  those  in  the  vicinity  of  Barnesboro  exist  on  a 
smaller  scale  at  many  other  mining  towns,  both  within  and  without 
the  area  under  consideration.  While  many  of  these  towns  now  have 
satisfactory  water  supplies,  a  large  number  have  not,  and  it  seems 
probable  that  the  question  of  water  supply  will  soon  become  serious. 
Since  only  temporary  relief  can  be  afforded  by  change  from  one  sur- 
face source  to  another,  it  will  be  necessary  to  prospect  below  ground. 

Heretofore  the  abundance  of  good  springs  in  the  region  has  made  it 
unnecessary  to  sink  many  wells,  although  shallow  wells  are  frequent 
along  the  valleys  of  the  larger  streams  and  in  most  of  the  towns,  and 
deep  wells  have  been  sunk  at  a  number  of  places.  The  most  abundant  of 
these  are  in  the  vicinity  of  Ebensburg  and  Chest  Springs.  At  Ebens- 
burg  they  furnish  the  water  supply  of  the  town,  which  is  consequently 
of  the  best  quality.  On  the  hills  immediately  east  of  Chest  Springs  a 
number  of  wells  have  been  drilled  in  the  barren  measures  and  some- 
times reach  to  depths  exceeding  100  feet  before  striking  water.  Iso- 
lated wells  were  observed  at  farmhouses  on  the  ridges  southeast  of 
Curwensville,  south  of  Mahaffey,  and  in  the  vicinity  of  Marron.  At 
a  point  directly  south  of  Lumber  City  a  tank  has  been  erected  on  a  hill 
to  contain  water  for  irrigating  an  orchard.  This  is  the  only  case  of 
irrigation  known  in  the  region.  At  the  tanneries  in  Curwensville,  on 
the  flood  plain,  several  wells  have  been  drilled,  which  supply  abundant 
water  from  horizons  100  to  200  feet  below  the  top  of  the  Pottsville 
formation.  At  the  Westover  tannery  there  is  a  well  182  feet  in  depth. 
The  only^  flowing  well  observed  was  at  Wilmore.  This  has  a  strong 
flow,  due  to  a  head  of  1,000  feet,  caused  by  the  anticlinal  structure  of 
Allegheny  Mountain  on  the  east  and  indicates  that  if  from  any  cause 
water  should  ever  become  scarce  an  abundant  supply  could  probably 
be  obtained  by  sinking  artesian  wells  along  the  Wilmore  basin.  Simi- 
lar conditions,  but  with  a  smaller  head,  must  prevail  in  the  other  basins. 
It  would  seem,  therefore,  that  the  only  true  and  permanent  remedy  for 
poor  water  supply  in  the  coal-mining  towns  will  be  to  drill  artesian 
wells  along  the  deeper  basins.  In  view  of  the  far-reaching  importance 
of  pure  drinking  water,  it  can  not  be  urged  too  strongly  that  test  wells 
be  put  down  at  well-chosen  points  in  the  several  basins.*  This  is  the 
only  way  to  determine  with  absolute  certainty  whether  or  not  such  a 
supply  is  available. 

a  Since  this  report  was  written  the  pure- water  problem  has  been  successfully  solved  by  the  borough 
of  Coalport,  which  has  had  two  wells  drilled  into  the  Pottsville  sandstone.  These  wells  arc  reported 
to  find  little  water  in  the  sandstone  itself,  but  to  obtain  a  good  supply  from  the  fire  clay  directly  below 
the  Brook ville  or  "A"  coal.  The  water  has  a  very  pleasing  ta.ste  and  exists  in  sufficient  quantity  to 
supply  the  entire  town.    A  good  head  is  obtained  by  pumping  to  a  reservoir  on  the  hill. 


WATER  RESOURCES  OF  THE  ELDERS  RIDGE 
QUADRANGLE,  PENNSYLVANLi, 


By  Ralph  W.  Stonk. 


The  Elders  Ridge  quadrangle  is  located  in  west  central  Pennsylvania, 
between  the  valleys  of  Cowanshannock  Creek  and  Coneniaiigb  River. 
and  covers  an  area  of  about  225  square  miles.  The  boundary  line 
bejtween  Armstrong  and  Indiana  counties  extends  from  the  northeast 
corner  of  the  quadrangle  to  Kiskiminitas  River,  in  the  southw^ 
corner. 

The  topography  of  the  quadrangle  is  hilly.  The  extremes  of  alti- 
tude mnge  from  825  feet  on  Kiskiminitas  River,  near  Salina,  to  1,625 
feet,  the  elevation  of  the  top  of  Watt  Hill,  the  highest  point  in  this 
vicinity.  Although  the  difference  in  altitude  between  the  highest  and 
lowest  points  is  therefore  about  800  feet,  the  average  distance  between 
the  valley  bottoms  and  the  uplands  is  not  more  than  300  feet.  A  few 
small  areas,  each  comprising  less  than  a  square  mile,  ai*e  approximately 
level.  These  are  the  terrace  and  flood-plain  deposits  along  the  larger 
streams.  Some  of  the  ridges  appear  comparatively  flat  topped  when 
viewed  from  an  elevation.  The  valleys  are  narrow  and,  as  a  general 
rule,  without  notable  flood  plains. 

The  drainage  of  this  quadrangle  is  westward  into  Allegheny  River. 
The  largest  stream  is  Kiskiminitas  River,  which  crosses  the  southwest 
corner  for  a  few  miles.  It  is  shallow,  has  a  number  of  rifts,  and  can 
not  be  navigated  except  by  rowboats,  and  even  by  them  only  for 
short  distances.  The  main  tributary  of  the  Kiskiminitas  in  thki 
quadrangle  is  Blacklegs  Creek,  the  largest  stream  in  the  southern  half 
of  this  territory.  It  rises  in  the  vicinity  of  Parkwood  and  West 
Lebanon  and  flows  southwestward  to  its  mouth  at  Saltsburg.  This 
stream  is  so  small  that  it  can  be  forded  at  a  number  of  places,  and  its 
grade  is  so  gentle  that  a  dam  near  its  mouth  backs  the  water  up  for  a 
considerable  distance. 

Crooked  Creek  flows  across  the  northern  half  of  the  quadrangle  from 
east  to  west,  and  receives  the  waters  of  Plum  Creek  and  Cherry  Run, 
East  of  Girty  the  valley  of  Crooked  Creek  is  comparativel3'  broad, 
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but  from  that  point  westward  the  stream  flows  through  a  deep  and 
narrow  gorge,  with  bluffs  often  200  feet  high.  The  stream  can  be 
forded  at  but  few  places  in  this  quadrangle,  and  carries  a  sufficient 
volume  of  water,  even  during  the  low  summer  stages,  to  furnish 
power  for  a  number  of  grist  mills.  Dams  have  been  built  across  it  at 
Cochran  Mills,  South  Bend,  and  Idaho.  It  falls  130  feet  from  Shelocta 
to  Cochran  Mills,  a  distance  of  nearly  18  miles  as  the  stream  flows, 
and  furnishes  sufficient  head  for  water  power  at  frequent  intervals. 
Cherry  Run,  a  tributary  to  Crooked  Creek  at  Cochran  Mills,  drains 
the  northern  portion  of  the  quadrangle.  At  least  one  mill  derives  its 
power  from  this  small  stream.  Plum  Creek,  formed  by  the  junction 
of  its  north  and  south  branches,  joins  Crooked  Creek  above  Idaho  and 
brings  in  a  considerable  amount  of  water.  It  drains  the  northeastern 
corner  of  the  quadrangle  and  flows  across  a  broad  alluvial  plain.  Its 
grade  is  very  gentle  and  it  has  not  yet  been  utilized  at  any  point  for 
water  power.  All  of  the  streams  in  this  quadrangle  have  much 
steeper  grades  toward  their  sources,  and  in  many  places  are  doing 
rapid  cutting  in  the  neighborhood  of  the  divides. 

So  much  of  the  country  has  been  cleared  of  timber  that,  although 
the  rainfall  is  moderate,  after  heavy  storms  the  streams  rise  suddenly 
and  at  that  time  carry  enormous  volumes  of  water.  The  excessive, 
supply,  however,  runs  off  almost  as  quickly  as  it  appears,  and  damage 
is  done  only  to  such  property  and  crops  as  are  located  on  the  flood 
plains. 

The  largest  settlement  in  the  Elders  Ridge  quadrangle  is  Avonmore, 
on  Eliskiminitas  River,  which,  according  to  the  census  of  1900,  has  a 
population  of  630.  The  water  supply  of  this  village  is  derived  from 
wells  sunk  into  the  sands  and  gravels  of  the  river  terrace  on  which  it 
is  built.  Wells  dug  but  a  few  feet  into  this  loose  material  obtain  a 
sufficient  supply  of  good  water. 

The  next  largest  place  is  Elderton,  with  a  population  of  300.  It  is 
situated  in  the  northern  part  of  the  quadrangle,  on  a  small  plateau,  at 
an  elevation  of  250  feet  above  Plum  Creek.  The  village  water  supply 
Ls  obtained  by  private  wells  of  the  suction  and  chain  type. 

This  quadrangle  is  distinctly  a  rural  district,  devoted  to  agriculture, 
and,  as  is  usual  in  such  cases,  depends  almost  entirely  on  wells  and 
springs  for  its  water  supply.  On  a  few  farms  windmills  are  in  use  for 
elevating  water  to  private  tanks.  Roadside  springs  with  water  troughs 
are  common,  and  water  can  be  obtained  at  almost  any  point  by  sinking 
wells  a  very  short  distance  beneath  the  surface.  The  rocks  that  are 
commonly  known  as  good  water  bearers  are  the  Mahoning  sandstone, 
which  lies  immediately  above  the  Upper  Freeport  coal  and  outcrops 
over  the  greater  part  of  this  quadrangle,  and  the  Pittsburg  sandstone, 
which  overlies  the  Pittsburg  coal  and  is  found  in  the  southern  portion 
of  the  quadrangle  west  of  Blacklegs  Creek. 


WATER  RESOURCES  OF  THE  WAYNESBURG 
QUADRANGLE,  PENNSYLVANU. 


By  Ralph  W.  Stone. 


The  Waynesburg  quadrangle  is  located  in  the  southwestern  comer 
of  the  State  of  Pennsylvania,  in  the  eastern  half  of  Greene  County, 
its  southern  boundary  being  2  miles  north  of  the  West  Virginia  State 
line  and  its  western  boundary  about  15  miles  east  of  the  western  line  of 
the  State.  Its  dimensions  are  about  13  by  17  miles,  and  it  comprise^ 
about  229  square  miles. 

The  topography  of  this  quadrangle  is  uniformly  hilly.  The  differ- 
ence in  elevation  between  the  bottoms  of  the  valleys  and  the  crests  of 
the  ridges  does  not  exceed  600  feet.  The  ridges  in  a  general  way  trend 
northwest-southeast,  but  can  not  be  said  to  have  any  conspicaous  fea- 
tures. This  part  of  Greene  County  is  distinctly  an  agricultural  dis- 
trict, and  is  reached  by  Monongahela  River  and  by  a  narrow-gauge 
railroad  from  Washington  County. 

Tlie  drainage  of  the  quadrangle  is  eastward  to  Monongahela  River. 
The  Monongahela  itself  crosses  the  northeast  corner  of  the  quadrangle 
for  about  2  miles.  Owing  to  slack-water  conditions,  this  stream  is 
navigable  throughout  the  greater  part  of  the  year  and  affords  an  out- 
let for  the  products  of  the  country  about  its  headwaters  at  all  time.s, 
except  when  it  is  choked  with  ice.  Without  its  dams  and  locks  the 
Monongahela  would  be  little  better  than  a  broad  creek.  The  principal 
tributaries  of  the  river  in  this  quadrangle  are  the  north  and  south 
forks  of  Tenmile  Creek,  and  Muddy,  Whiteley,  and  Dunkard  creek-i. 
The  north  fork  of  Tenmile  enters  from  Washington  County  and  joins 
the  south  fork  at  the  village  of  Clarksville,  a  short  distance  from  the 
Monongahela.  The  south  fork  of  Tenmile  pursues  the  longest  course 
of  any  stream  in  the  quadrangle,  having  its  rise  in  the  west-central 
part  of  Greene  County  and  extending  entirely  across  this  territory  in 
a  winding  northeast  direction.  Muddy  and  Whiteley  creeks  have  low 
grades  in  much  of  their  courses.  In  fact,  the  streams  in  this  quad- 
rangle have  no  high  grades,  except  near  their  headwaters.  They  are 
subject  to  flood  and  to  seasons  of  slight  flow,  and  in  summer  are  likely 
to  diminish  to  such  an  extent  that  the  water  stands  along  their  courses 

160 


STONE.]  RESOURCES    OF   THE   WAYNESBURG    QUADRANGLE.  167 

in  pools,  with  only  a  very  small  volume  of  running  water.  It  seems 
that  there  is  not  sufficient  supply  for  water  power  at  any  one  point. 

The  village  of  Waynesburg  is  the  largest  settlement  in  the  district 
and  has  a  population  of  about  3,500.  The  next  largest  village  is  Jef- 
ferson, which  has  a  population  of  310,  and  there  are  a  number  of 
smaller  hamlets.  These  villages  are  located  for  the  most  part  on  the 
stream  courses,  where  travel  is  easier  than  along  the  uneven  crests  of 
the  ridges. 

Waynesburg  derives  its  water  from  the  south  fork  of  Tenmile  Cieek, 
at  the  western  end  of  the  village.  It  is  pumped  to  a  reservoir  on  the 
hill  north  of  the  village  at  an  elevation  of  250  feet  above  the  main 
street.  As  the  creek  carries  considerable  silt  after  every  heavy  rain, 
the  supply  is  often  mudd}',  although  it  passes  through  a  sand  filter 
before  reaching  the  reservoir.  For  days  at  a  time  the  water  drawn 
from  faucets  is  so  heavily  charged  with  sediment  as  to  be  almost  use- 
less. There  seems,  however,  to  be  no  other  adequate  supply  immedi- 
ately available.  The  proposition  to  drill  deep  wells  has  been  consid- 
ered but  never  tried.  Many  of  the  people  in  Waynesburg — in  fact, 
most  of  them — use  well  water  for  drinking  purposes.  In  most  places 
a  well  sunk  from  17  to  30  feet  will  reach  bed  rock  and  furnish  a  suffi- 
cient amount  of  fairly  pure  hard  water.  The  system  of  waterworks 
at  Waynesburg  is  the  only  one  in  the  quadrangle. 

The  village  of  Jefferson  is  located  on  a  terrace  deposit  of  clays  and 
gravels,  and  obtains  its  water  supply  from  wells  sunk  from  20  to  60 
feet  through  this  material  to  bed  rock.  The  supply  is  sufficient,  and 
but  few  of  the  wells  have  been  known  to  go  dry,  except  during  a 
protracted  drought.  The  water  is  hard.  In  all  of  the  other  villages 
in  the  Waynesburg  quadrangle  the  water  supply  is  obtained  from 
private  wells,  which  are  from  15  to  50  feet  deep. 

Springs  are  comparatively  abundant  in  this  country,  and  the  water 
comes  from  various  formations.  The  Upper  Washington  limestone  is 
a  frequent  water  producer.  Springs  from  this  stratum  are  numerous 
in  Franklin  and  Washington  townships.  It  is  believed  that  the 
Waynesburg  sandstone,  which  overlies  the  Waynesburg  coal,  and 
often  has  a  thickness  of  40  feet,  is  usually  a  water-bearing  rock. 
Wells  sunk  into  it  yield  an  excellent  quality  of  water,  but  care  has  to 
be  taken  not  to  penetrate  to  the  coal. 

The  Waynesburg  Cold  Storage  Company  drilled  an  8-inch  well  134 
feet  deep  at  its  plant  in  the  village  in  March,  1901.  This  well  struck 
water  in  the  Waynesburg  sandstone  and  yields  a  supply  which  the 
pump  has  never  been  able  to  exhaust.  Although  the  pump  raises  75 
barrels  an  hour,  day  and  night,  there  is  always  about  90  feet  of  water 
in  the  hole.    The  water  is  soft  and  is  used  for  the  ice  plant. 


WATER  RESOURCES  OF  THE  ACCIDENT  AND 
GRANTSVILLE  QUADRANGLES,  MARYLAND. 


By  G.  C.  Mabtin. 


INTRODUCTION. 

Geography. — The  Accident  and  Qriantsville  quadrangles  are  located 
«n  the  ''  Handle"  at  the  extreme  western  extension  of  Maryland.  A 
I'ltrip  about  2  miles  wide,  belonging  to  Pennsylvania,  is  included  in  the 
northern  portion  of  each  quadrangle,  while  a  smaller  and  narrower 
fitrip  of  territory  belonging  to  West  Virginia  is  included  in  the 
western  portion  of  the  Accident  quadrangle.  Of  the  territory  in 
Maryland  all  but  a  small  area  in  the  southeastern  comer  of  theGmnts- 
ville  quadrangle  lies  in  Garrett  County.  Each  quadrangle  measure^ 
approximately  17i  miles  from  north  to  south,  13i  miles  from  east  tu 
west,  and  contains  about  235  square  miles.  Friendsville,  Md.,  in  the 
Accident  quadrangle,  and  Elklick,  Pa.,  and  Barton,  Md.,  in  the 
rirrantsville,  are  the  largest  villages. 

Belief. — ^The  topography  of  the  Accident  quadrangle  is  mainly  tiat 
of  a  plateau  which  has  been  deeply  cut  by  streams.  The  surface  of 
the  upland  lies  in  general  between  2,500  and  3,000  feet,  the  highest 
jparts  being  in  the  southern  and  eastern  portions.  There  are  no  well- 
defined  ridges  rising  noticeably  above  the  general  level  of  the  uplands. 
The  vallej^s,  especially  along  the  main  drainage  lines,  are  of  the  natuir 
of  canyons,  whose  bottoms  are  frequently  from  500  to  1,000  feet  below 
!:he  plateau.  In  the  Grantsville  area  there  are  three  ridges  rising 
aearh'^  or  quite  to  3,000  feet,  crossing  the  quadrangle  with  a  northeast- 
southwest  trend,  between  which  plateaus,  similar  to  that  of  the 
Accident  quadrangle,  are  developed  at  an  altitude  of,  between,  2,50CKo 
2,800  feet. 

Draiimge. — The  drainage  of  J;he  Accident  quadrange  is  northward 
by  the  Youghiogheny  to  the  Monongahela.  In  the  Grantsville  area 
the  drainage  is  in  part  north  by  Castleman  River  to  the  Youghiogbenv 
in  Pennsylvania,  and  in  part  southward  by  Savage  River  to  tie 
Potomac. 

168 


MARTIN.)  WESTERN   MARYLAND.  169 


WATER  RESOURCES. 

OTREAM   8UPPLIES. 


Youghiogheny  Rivei\ — The  Youghiogheny  and  its  tributaries  drain 
almost  the  entire  area  of  the  Accident  quadrangle.  It  is  a  large,  pure 
stream  whose  capacity  is  far  in  excess  of  any  probable  demand.  The 
only  contamination  of  the  main  stream  comes  from  the  villages  of  Sang 
Run,  Krug,  Friendsville,  and  Selbysport,  and  from  a  few  sawmills. 
The  tributaries  are  all  very  pure. 

Castleraan  River. — This  stream  drains  the  northwest  half  of  the 
Grantsville  quadrangle.  It  is  a  large,  uncontaminated  stream,  but 
there  is  no  demand  for  its  watera  in  the  agricultural  region  through 
which  it  flows  in  this  quadrangle. 

Savage  River, — ^This  stream  drains  the  central  part  of  the  Grants- 
ville quadrangle.  It  is  a  large,  pure  stream  and  furnishes  the  water 
supply  for  the  towns  of  Piedmont,  W.  Va.,  and  Western  port,  Md. 

G&yrges  Creek,— ^\l\&  stream  drains  the  southeast  corner  of  the 
Grantsville  quadrangle.  The  main  stream  and  the  lower  courses  of 
its  tributaries  are  so  polluted  by  sewage  and  mine  water  as  to  be  totally 
unfit  for  any  purpose.  The  headwaters  of  the  tributaries  are  pure 
and  would  furnish  good  supplies  of  pure  water  for  the  many  mining 
villages  in  the  Georges  Creek  valley  which  are  annually  ravaged  by 
typhoid  fever. 


SPRING   WATER. 


There  are  a  great  many  large,  pure  springs  along  the  belts  of  out- 
crop of  the  Greenbrier  limestone.  These  belts  extend  (1)  along  the 
western  foot  of  Big  Savage  Mountain;  (2)  along  the  eastern  front  of 
Meadow  Mountain;  (3)  along  the  western  front  of  Negro  Mountain; 
(4)  along  the  eastern  front  of  Winding  Ridge;  (5)  through  the  valleys 
of  Deep  Creek  and  Marsh  Run  from  Thayerville  to  McHenry,  thence 
westward  to  Sang  Run  and  along  Youghiogheny  River  for  a  distance 
of  2  miles  north  and  south  of  Sang  Run;  and  (6)  along  the  northern 
and  eastern  edge  of  the  Cranesville  valley. 

These  springs  are  similar  both  in  geologic  relations  and  in  the  prop- 
erties of  their  water  to  the  group  of  springs  from  which  the  celebrated 
Deer  Park  spring  water  is  obtained.  The  Deer  Park  springs  are 
about  6  miles  south  of  the  southern  limits  of  this  folio,  and  are  situ- 
ated along  the  direct  continuation  of  the  line  of  springs  at  the  western 
foot  of  Big  Savage  Mountain. 


ARTESIAN  WATER. 


The  possibility  of  obtaining  artesian  water  has  never  been  properly 
tested  in  this  region.  It  is,  however,  probable  that  the  synclines  that 
underlie  the  valleys  of  Georges  Creek,  Castleman  River,  and  Youghio- 
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gheny  River  are  artesian  basins,  and  would  yield  plenty  of  good 
artesian  water  from  various  horizons. 

Several  bore  holes  made  in  the  coal-bearing  portions  of  the  syn- 
clines  have  vielded  flows  of  water.  This  water  came  from  the 
Coal  Measures,  and  was  therefore  strongly  impregnated  with  sulphur 
and  iron.  It  is  probable  that  deeper  holes  would  yield  better  water 
from  the  purer  porous  sandstones  which  underlie  the  Coal  -Measures. 
There  is,  however,  no  present  demand  in  the  region  for  artesian  wells, 
for  the  numerous  pure  streams  and  springs  yield  a  supply  of  water 
tiiat  is  sufficient  for  all  needs. 


WATER  RESOURCES  OF  THE  FROSTBURG  AND 
FLINTSTONE  QUADRANGLES,  MARYLAND 
AND  WEST  VIRGINIA. 


By  (t.  C.  Martin. 


INTRODUCTION. 


Geography. — These  quadrangles  are  mostly  in  western  Maryland, 
lying  just  east  of  the  Grantsville  quadrangle.  Like  the  latter  they 
cover  a  narrow  strip  of  Pennsylvania  along  their  northern  borders, 
and  include  on  the  south  a  considerable  area  lying  south  of  Potomac 
River  and  belonging  to  West  Virginia.  The  portion  in  Maryland, 
(\\cept  a  small  area  in  the  northeastern  part  in  Garrett  County,  falls  in 
Allegany  County.  The  West  Virginia  area  is  divided  between  Mineral 
County  on  the  west  and  Hampshire  County  on  the  east.  Cumberland 
and  Frostburg,  Md.,  are  in  the  Frostburg  quadrangle,  but  there  are 
no  large  towns  in  the  West  Virginia  portion  of  the  area  or  in  that  part 
of  Maryland  that  is  included  in  the  Flintstone  quadrangle. 

Relief. — The  southwestern  half  of  the  Frostburg  and  nearly  all  of 
the  Flintstone  quadrangle  is  crossed  at  intervals  of  a  few  miles  b}- 
ridges  varying  in  altitude  from  3,000  feet  on  the  west  to  1,500  feet  or 
less  on  the  east.  Between  these  ridges,  plateaus  having  altitudes 
varjMng  from  about  2,700  feet  on  the  west  to  900  feet  on  the  east  are 
developed.  The  plateaus,  however,  exhibit  very  little  of  their  original 
level  surface,  being  cut  by  numerous  streams  to  depths  of  many  hun- 
dred feet.  The  ridges  are  due  to  upturned  hard  rocks  of  Silurian, 
Devonian,  and  Carboniferous  age,  while  the  plateaus  are  composed 
mainly  of  Devonian  shales  and  softer  coal-bearing  rocks  of  the 
Carboniferous. 

Ih^alnage. — The  quadrangles  are  drained  by  the  Potomac  River., 
which  entera  the  Frostburg  area  at  its  southern  boundary,  flows  north- 
eastward to  Cumberland,  and  thence  southeastward  across  the  Flint 
stone  area.  The  minor  streams  follow  in  general  the  trend  of  thci 
ridges,  those  of  the  north  flowing  southwestward  to  the  Potomac  and 
those  on  the  south  northeastward  to  the  same  river. 
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WATER  RESOURCES. 
STREAM  8UPPLIRB. 

North  Branch  of  Potomdc  River. — ^The  North  Branch  of  the  Potr^ 
iiiac  flows  through  the  southern  part  of  this  area  for  a  distance  of  '-^^ 
miles.  It  furnishes  the  public  water  supply  for  the  city  of  CuiuI^ct 
land.  The  quantity  of  water  is  far  in  excess  of  the  amount  needed, 
but  the  quality  is  extremely  bad.  The  water  is,  in  fact,  so  polIut<?ti 
that  it  is  entirely  unsuitable  for  domestic  or  industrial  use.  The  pol- 
luting matter  consists  of  the  refuse  from  a  number  of  sawmills  and 
tanneriejjj,  the  drainage  from  a  large  number  of  coal  mines,  the  chem- 
icals from  paper  mills,  dye  works,  woolen  mills,  and  gas  plants,  anil 
the  sewage  of  Piedmont,  Westemport,  Keyser,  Cumberland,  and  other 
towns.     There  is  great  need  of  some  purer  supply. 

South  Branch  of  Potomac  River. — The  South  Branch  of  the  Pott>- 
mac  is  a  large  stream,  which  flows  through  this  area  for  a  distance  of 
about  6  miles.  It  contains  at  all  seasons  a  large  amount  of  pure  water. 
It  is  not  used  at  present,  and  there  is  not  likely  to  be  any  futun^ 
demand  for  it.  It  is,  however,  very  important,  as  it  serves  to  dilute 
the  impurity  of  the  main  stream  of  the  Potomac,  and  thus  improves 
the  quality  of  the  water  supply  of  the  city  of  Washington. 

GeonjtH  Crtrk\  Braddock  Rnn^  and  Jennings  Run, — ^These  stream^ 
flow  through  the  thickly  populated  mining  regions  in  the  western  part 
of  this  area,  and  are  so  badly  polluted  by  sewage  and  mine  water  as  to 
be  entirely  worthless. 

SinaUer  streams. — The  headwater  streams  of  the  entire  region,  situ- 
ated as  they  are  largely  in  forested  areas,  are  unpolluted  and  would 
furnish  pure  water  supplies  for  the  smaller  towns.  Evitts  Creek,  Pat- 
terson Creek,  and  Town  Creek  are  the  largest  of  the  unpolluted  streams, 
and  all  contain  pure  water  for  the  entire  length.  Their  water  is  not 
used  at  present. 

SPRING  WATER. 

The  largest  springs  in  this  region  are  on  the  belts  of  outcrop  of  the 
limestone  formations.  The  lines  of  upper  contacts  of  the  Greenbrier 
limestone  and  the  Helderberg  limestone  are  marked  b}'  a  great  manj 
springs  of  large,  constant  flow  and  great  purity.  One  of  these  sprino^, 
at  the  contact  of  the  Mauch  Chunk  shales  and  the  Greenbrier  lime- 
stone, at  the  western  foot  of  Big  Savage  Mountain,  furnishes  a  large 
part  of  the  water  supply  of  the  town  of  Frostburg.  This  supply  could 
be  greatly  increased  by  the  development  of  other  springs  in  neighbor- 
ing localities.  The  town  of  Lonaconing,  which  is  at  present  verr 
poorly  supplied  with  contaminated  water,  could  get  a  similar  supply 
on  the  western  slope  of  Big  Savage  Mountain.  The  celebrated  Deer 
Park  spring  water  comes  from  a  series  of  large  springs  not  many  mile? 
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southwest  of  thia  region  in  this  same  belt  of  outcrop  of  the  Greenbrier 
limestone.  A  series  of  similar  springs  might  be  developed  along  the 
eastern  part  of  the  Dans-Piney -Little  Allegheny  Mountain  range  which 
would  furnish  a  partial  or  even  a  complete  supply  of  pure  water  for 
the  city  of  Cumberland. 

The  line  of  contact  between  the  Oriskany  sandstone  and  Helderberg 
limestone  and  a  large  part  of  the  areas  of  those  formations  contain  a 
great  many  large  springs  which  are  important  for  local  rural  use. 

ABTBBIAN  WATER. 

Part  of  the  water  supply  for  the  town  of  Frostburg  is  obtained 
from  an  artesian  well  H  miles  west  of  that  town,  on  the  eastern  slope 
of  Big  Savage  Mountain.  Water  is  said  to  have  been  found  in  sand- 
stones of  Carboniferous  age  at  depths  of  81,  182,  627,  and  1,200  feet. 
The  amount  of  water  procured  from  the  various  horizons  is  not 
known;  nor  Is  it  certain  whether  the  water  is  derived  from  contami- 
nated horizons  near  the  surface  or  from  deeper  pure  sources.  If  this 
well  reached  the  Mauch  Chunk-Greenbrier  horizon  and  the  shallower 
water  were  cased  oflF  an  ample  pure  supply  would  result.  There  is  an 
area  of  about  IM)  scjuare  miles  in  the  northwest  central  part  of  the  Frost- 
burg quadrangle  where,  in  the  Georges  Creek  syndine,  this  Mauch 
Chunk-Greenbrier  water  horizon  could  be  struck  at  depths  of  from 
1,000  to  2,4(H^  feet.  The  water  will  not  rise  anywhere  in  these  wells 
al)ove  an  elevation  of  2,700  feet  above  sea  level,  and  is  probably  drained 
out  of  the  syncline  in  the  vicinity  of  Bi*addock  Run  and  Jennings  Run 
to  the  level  of  1,000  feet. 

It  is  highly  probable  that  the  Oriskany  and  Tuscarora  sandstones 
contain  artesian  water  in  their  svnclinal  areas.  There  are  areas  to  the 
north,  northeast,  and  south  of  Cumberland  where  artesian  wells,  if 
properly  located  with  regard  to  the  local  details  of  structure,  would  be 
almost  certain  to  strike  pure  flowing  water  in  the  Oriskany  and  Tus- 
carora sandstones.  Similar  conditions  exist  over  a  large  proportion  of 
the  Flintstone  quadrangle,  but  except  in  the  vicinity  of  Cumberland 
there  is  no  demand  for  artesian  water. 


WATER  RESOURCES  OF  COWEE  AOT)  PISGAH 
QUADRANGLES,  NORTH  CAROLINA. 


By  HoYT  8.  Gale. 


The  Cowee  and  Pisgah  quadrangles  are  in  western  North  Carolina, 
their  southernmost  limits  overlapping  into  South  Carolina.  Thej 
include  parts  of  Macon,  Jackson,  Swain,  Haywood,  Transylvania, 
Buncombe,  and  Henderson  counties  in  North  Carolina.  Their  total 
area  is  about  1,950  square  miles. 

Geographically  these  quadrangles  are  situated  in  the  heart  of  the 
southern  Appalachian  Mountains,  covering  an  area  of  comparatively 
high  and  roughly  dissected  country.  The  headwater  valleys  of  French 
Broad  River,  in  the  Pisgah  quadrangle,  and  of  Little  Tennessee  River, 
in  the  Cowee  quadrangle,  include  the  greater  part  of  the  open  country 
they  contain.  The  smoothly  graded  debris  slopes  of  these  and  some 
other  valley  bottoms  are  in  strong  contrast  with  the  sharp  dissection 
of  the  territory  in  general.  However,  the  area  contains  numeroui^ 
remnants  of  old  plateaus,  recording  several  distinct  periods  of  ancient 
peneplanation,  and  many  examples  of  the  original  mature  topography, 
as  yet  untouched  by  readjusting  drainage,  are  found  high  up  about  the 
uppermost  headwaters.  Still  above  these  plateau  levels  rise  many 
residual  peaks. 

Drainage, — The  larger  part  of  the  drainage  belongs  to  the  Missi2>- 
sippi  River  system.  The  Blue  Ridge,  the  main  divide  between  the 
Mississippi  and  the  Atlantic  waters,  passes  through  the  southern  halves 
of  the  two  quadrangles.  Most  of  the  streams  south  of  this  divide 
have  worked  their  grades  back  to  steep  slopes,  often  escarpmentb,  at 
their  very  heads.  The  Mississippi  drainage  north  of  the  divide  has, 
however,  been  less  active  in  its  channel  cutting,  being  held  up  by 
greater  difficulties  in  its  paths  and  the  longer  route  traversed  to  reach 
the  sea  level.  Most  of  the  remnants  of  old  land  topographies  spoken 
of  above  are  thus  found  on  the  Mississippi  side  of  the  Blue  Ridge. 
Subsequent  incision  of  these  stream  channels  has  not  yet  receded 
upstream  far  enough  to  affect  grades  at  the  headwaters. 

The  CuUasaja  River  is  a  good  example  of  the  streams  on  the  Mis- 
sissippi side  of  the  Blue  Ridge.  Heading  on  the  slopes  of  the  residual 
peaks  in  the  vicinity  of  Highlands,  and  also  on  the  Highlands  plateau, 
of  about  3,800  feet  elevation,  it  collects  its  waters  from  a  drainage 
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basin  of  smooth,  well-rounded  slopes.  About  a  mile  below  Highlands 
it  comes  to  the  edge  of  this  plateau  and  begins  to  drop  off  in  cascades 
and  falls,  and  its  valley  becomes  steep  sided  and  deep.  The  immediate 
locations  of  the  falls  are  determined  by  the  harder  ledges  of  rock. 
In  ma»<t  cases  here,  as  elsewhere  in  this  region,  these  ledges  are  granite. 
In  the  next  6  miles  the  river  drops  1,200  feet,  an  average  grade  of  200 
feet  in  a  mile.  For  the  remainder  of  its  course  to  Franklin  its  grade 
again  flattens  out.  Along  this  stretch  is  the  plateau  of  Little  Tennes- 
see River.  From  Kabun  Gap,  the  main  head  of  the  Little  Tennessee, 
to  Franklin  this  river  falls  about  100  feet  in  25  miles,  or  1  feet  to  the 
mile.  Below  Franklin  the  Little  Tennessee  comes  to  the  edge  of  this 
lower  plateau  and  falls  off  more  rapidly  again. 

French  Broad  River  is  in  character  very  similar  to  the  Little  Ten- 
nessee. Along  both  rivers  the  lower  plateaus  are  at  an  elevation  of 
about  2,100  feet  above  sea  level,  and  into  them  both  streams  have 
slightly  incised  their  channels.  The  French  Broad  runs  a  coui-se  of 
alx)ut  45  miles  from  its  main  forks  near  Eastatoe  Ford  to  the  point 
where  it  leaves  the  Pisgah  quadrangle.  In  this  distance  it  falls  from 
2,180  feet  to  2,000  feet  above  sea  level — 180  feet  in  45  miles,  or  4  feet 
in  a  mile.     Streams  so  well  graded  are  very  exceptional  in  this  region. 

The  west  fork  of  Tuckaseegee  River  gathers  into  a  stream  of  con- 
siderable size  the  waters  of  an  upper  plateau  level  of  about  3,600  feet. 
Just  below  Glenville,  in  Jackson  County,  it  comes  to  the  plateau  edge 
and  drops  900  feet  in  6  miles,  or  150  feet  to  the  mile.  The  East  Fork 
similarly  drops  over  100  feet  a  mile  for  more  than  10  miles. 

The  heaviest  grades  are  south  of  the  Blue  Ridge.  The  descent  is 
here  concentrated  into  one  steep  slope  from  the  Blue  Ridge  plateau 
down  to  the  Piedmont  Plateau.  The  intermediate  levels  that  occur  on 
the  Mississippi  streams  do  not  occur  here,  so  that  the  Blue  Ridge  is 
characteristically  an  escarpment  overlooking  the  Piedmont  Plateau. 
Caesars  Head  is  a  feature  of  this  escarpment.  Ten  miles  west  of 
Ceesars  Head  the  Blue  Ridge  and  the  escarpment  diverge,  and  an 
upper  plateau  intervenes  between  the  main  divide  and  the  fall  line  of 
the  streams.  This  plateau  extends  about  20  miles  westward,  as  far  as 
Whiteside  Mountain.  Streams  heading  within  this  belt,  therefore, 
have  flat  headwater  grades  similar  to  those  of  CuUasaja  River  in  the 
Mississippi  drainage.  However,  the  drop  from  the  Blue  Ridge 
plateau  to  the  Piedmont  Plateau  is  far  greater  than  any  that  occurs 
on  the  Mississippi  side  of  the  divide.  For  example,  the  Toxaway 
River  is  3,000  feet  at  Lake  Toxaway,  and  in  5  miles  it  falls  to  1,300 
feet,  or  at  the  rate  of  340  feet  in  a  mile.  It  would  seem  that  these 
streams  offer  much  available  power,  but  the  falls  are  almost  always 
difficult  of  access  and  most  of  them  are  distant  from  present  lines  of 
transportation. 

Springs, — This  is  on  the  whole  a  region  sparsely  settled  and  little 
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developed  commercially  or  industrially,  and  little  or  nothing  is  known 
concerning  the  uuderground  waters  except  as  they  issue  in  springs, 
or  perhaps  through  the  few  existing  wells.     The  country  is  abund- 
antly supplied  with  springs,  except  along  the  gravel  and  bowlder 
deposits,  which  form  the  valley  bottoms  of  the  larger  streams.     The 
water  is  for  the  most  part  very  pure.     The  rocks  are  typically  siliceous 
or  juicaceous,  containing  little  readily  soluble  material  either  in  them- 
selves or  in  their  soils.     The  soils  are  loose  and  coarse,  usually  sandr 
rather  than  clayey,  and  do  not  afford  much  material  that  will  stay  in 
suspension  in  the  water.     However,  mineralized  waters  do  ocvur  in 
numerous  instance's.     These  can  be  separated  into  at  least  two  cla?vst's. 
Besides  the  granites  and  micaceous  gneisses,  a  more  basic  rock,  con- 
taining much  hornblende  and  other  iron  minerals,  traverses  the  r^ion 
in  long,  narrow  bands.     Springs  issuing  along  these  bands  are  fre- 
quently heavily  charged  with  iron.     Their  occurrence  is  rendered 
noticeable  by  the  deposits  of  iron  hydrates  that  accumulate  about 
them.     A  spring  that  forms  an  excellent  example  of  this  class  issue 
directly  from  a  narrow  outcrop  of  hornblende-gneiss  just  below  the 
dam  at  Fairfield  Lake,  in  Jackson  County. 

Another  type  of  mineralization  of  spring  waters  has  been  not<?d 
where  formation  contacts,  and  especially  zones  of  faulting,  show  a 
development  of  pyrite,  with  perhaps  other  minerals.  Weathering  of 
these  to  a  soluble  form  stains  the  rocks  with  copperas  and  impregnate^ 
the  water  that  flows  through  them.  Sulphur  and  iron  waters  observed 
at  a  number  of  localities  undoubtedly  obtain  their  mineral  content  in 
this  way.  The  most  accessible  and  best  known  sulphur  and  iron  water 
occurs  at  Waynesville,  at  the  "Haywood  White  Sulphur  Springs/' 
but  the  writer  is  not  prepared  to  say  how  it  originates. 

In  considering  the  underground  waters  it  is  necessary  to  distinguish 
at  least  three  definite  types  of  topography  and  surface  drainage  which 
are  conspicuous  in  this  region.  The  thinly  covered  ledges  of  the 
residual  peaks  that  stand  above  the  old  plateau  levels  shed  water  rap- 
idly from  their  steep  slopes.  Flow  within  these  massive  rocks  must 
be  slight,  except  through  cracks  and  fissures.  On  the  plateau  levels, 
however,  prolonged  weathering  has  produced  a  heavy  cover  of  soil 
which  must  be  comparatively  porous.  This  is  well  supplied  with 
water  from  the  residuals,  and  on  the  other  hand  well  supplied  with 
outlet  drains  at  the  plateau  edges,  and  a  strong  and  constant  under- 
ground flow  must  result  within  this  cover.  In  the  stream  bottoms,  at 
lower  levels,  are  graded  plains  of  wash  debris,  from  which  the  water 
does  not  often  come  to  the  surface  to  form  springs.  Here  the  water 
supply,  if  not  taken  from  the  stream  itself,  must  be  drawn  from  welk 
or  piped  from  neighl)oring  hillsides.  As  the  larger  towns  are  usually 
situated  in  the  open  valley  lands  they  are  least  easily  supplied  with 
pure  water.     All  of  the  countv  scats  within  the  area  are  so  situated. 


WATER  RESOURCES  OF  THE  MIDDLESBORO 
HARLAN  REGION  OF  SOUTHEASTERN  KEN 
TUCKY.  

By  (iB(>K(iK  H.  Ashley. 


This  area,  which  takes  its  name  from  the  towns  of  Middlesboro  and 
Harlan,  is  a  belt  of  country  occupying  the  region  between  Pine 
Mountain  on  the  north  and  Cumberland  Mountain  on  the  south,  and 
is  located  in  Bell  and  Harlan  counties,  in  southeastern  Kentucky.  It 
extends  from  the  headwaters  of  Yellow  Creek,  near  the  Kentucky- 
Tennessee  line,  in  a  course  about  N.  60^  E.  to  Big  Black  Mountain,  a 
distance  of  about  60  miles.  At  its  western  end  the  belt  is  about  10 
miles  wide,  at  the  eastern  end  about  15  miles  wide,  and  its  area  about 
750  square  miles. 

The  topography  is  that  of  a  basin  bounded  on  the  north  and  south 
by  two  high  mountain  ridges  and  limited  on  the  east  and  west  by  the 
divides  at  the  heads  of  the  streams  di*aining  toward  the  middle  of  the 
basin  and  passing  out  by  way  of  the  Cumberland  River  through  Pine 
Mountain  at  Pineville  Gap.  The  region  between  the  ridges  has  now 
been  cut  down  by  the  rivers  until  only  sharp  ridges  remain.  These 
commonly  vary  from  2,500  to  3,400  feet  in  altitude.  The  streams  are 
generally  from  500  to  2,000  feet  below  the  crest,  the  Cumberland 
River  having  an  altitude  of  980  feet  where  it  leaves  the  Imsin.  The 
slopes  of  the  hillsides  are  nearly  all  steep,  the  only  flat  lands  being 
narrow  belts  along  the  streams.  The  hills  throughout  the  basin  are 
generally  forested. 

Geologically  the  area  is  a  synclinal  basin,  the  axis  of  which  lies  to 
the  north  of  the  center,  or  nearer  to  Pine  Mountain.  In  the  center 
of  the  basin  the  dips  are  slight,  but  run  up  to  nearly  or  quite  vertical 
on  the  flanks  of  the  bounding  ridges.  The  rocks  consist  of  alternating 
beds  of  sandstone,  shale,  and  coal,  the  sandstones  predominating. 

Many  cabins  are  scattered  over  the  slopes  and  crests  and  in  the 
ravines  throughout  the  hilly  region.  In  fact,  the  majority  of  the 
inhabitants  are  located  among  the  hills,  though  the  prosperous  habi- 
tations are  nearly  all  in  the  towns  or  along  the  river  bottoms. 

Along  the  bottoms  water  is  obtained  either  from  shallow  wells  in  the 
river  gravels  or  from  near-by  springs.     In  the  hilly  region  springs  are 
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especiall}"  abundant  and  constitute  the  chief  source  of  supply,  even  up 
to  the  very  crests,  although  a  few  shallow  wells  have  been  dug  on  the 
hilltops.  In  times  of  prolonged  drought  the  springs  occasionally  fail, 
and  recourse  is  had  to  sti*eams,  which,  however,  are  sometimes  so  low 
that  water  appears  onl}'^  in  isolated  pools.  The  waters  of  the  springs 
and  wells  are  noncalcareous  and  are  of  good  quality. 

The  town  of  Middlesboro  obtains  water  from  Little  Yellow  Creek, 
a  stream  that  flows  along  the  foot  of  Cumberland  Mountain  and  is  fed 
from  large  springs  from  sandstone.  The  water  is  pumped  from  an 
artificial  lake  made  by  a  concrete  dam  across  the  creek  to  a  reser\oir 
on  a  near-b}"  hilltop.  The  pumping  station  is  a  mile  from  the  center 
of  the  town.  A  large  spring,  which  formerly  came  out  a  little  below 
the  summit  of  Cumberland  Gap,  was  diverted  by  the  building  of  the 
railroad  tunnel  and  is  now  piped  to  town  for  the  use  of  the  local  tan- 
nery. A  number  of  deep  wells  have  been  bored  at  Middlesboro  for 
oil,  but,  though  obtaining  no  oil,  at  least  one  of  them — that  at  the 
mouth  of  Bennett's  Fork — gives  an  abundant  flow  of  water  from  the 
Lee  conglomerate.  One  well  is  750  feet  deep.  Similar  artesian  water 
might  ))e  found  elsewhere,  but  no  other  wells  have  jet  been  drilled. 

Pineville  is  supplied  from  a  small  tributary  of  Hagan  Mill  Brand} 
of  Cumberland  River.  It  is  a  small  stream  fed  by  springs  on  the 
south  side  of  Pine  Mountain,  1^  miles  east  of  the  gap.  The  pumpintr 
station  is  located  on  the  Cumberland  River. 

Water  power  on  a  very  small  scale  is  obtained  at  a  number  of  pla*'e> 
on  Cumberland  River  and  on  its  forks  and  branches.  At  onlv  two 
points  is  there  promise  of  considerable  power,  one  of  which  is  on 
Shillaly  Creek.  This  stream  rises  on  a  broad  plateau  between  Cum- 
berland and  Brushy  Mountain,  and  attains  a  considerable  volume  bef  on* 
it  descends  into  the  deeper  valley.  Martins  Fork  of  Cumberland 
River  heads  near  Shillaly  Creek  and  descends  in  a  similar  but  mon* 
gradual  manner,  and  with  somewhat  larger  volume. 


SUMMARY  OF  THE  WATER  SUPPLY  OF  THE 
OZARK  REGION  IN  NORTHERN  ARKANSAS. 


Bv  George  I.  Adams. 


During  the  progress  of  geological  work  in  the  Ozark  region  of 
northern  Arkansas  considerable  data  has  been  collected  in  regard  to 
the  water  resources.  This  paper  is  intended  as  aii  outline  of  the  con- 
ditions of  occurrence  of  the  springs,  which  are  numerous  and  impor- 
tant. Thev  are  in  many  cases  the  heads  of  streams,  with  which  the 
area  is  well  supplied. 


Fig.  32.— Sketch  map  of  Ozark  region  In  northern  Arkansas. 

The  accompanying  sketch  map  of  a  portion  of  the  State  shows  the 
location  and  extent  of  the  Ozark  region.  Observations  have  been 
largely  confined  to  the  western  part  of  the  area,  but  some  of  the 
springs  in  the  eastern  part  have  been  noted,  so  that  the  geologic  rela- 
tions of  the  ground  waters  as  outlined  is  thought  to  be  consistent  for 
the  whole. 

THE   OZAKK    REGION   AND  ITS   DIVISIONS. 

The  Ozark  region  in  Arkansas  includes  two  distinct  types  of  countrv, 
the  characters  of  which  are  determined  bv  the  structure  and  extent  of 
the  rock  formations.  The  southern  of  these  is  the  Boston  Mountains,  a 
dissected  highland  which  extends  from  the  vicinity  of  Batesville  west- 
ward to  the  Indian  Territory  line.  To  the  south  it  blends  with  the 
Arkansas  Vallev  region.     Its  northern  border  is  outlined  bv  the  Boston 
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escArpment,  which  is  very  irregular,  being  cut  by  numerous  streaDi 
valleys,  between  which  are  irregular  peninsula-like  proniontories. 

North  of  the  Boston  Mountains  and  at  a  lower  level  is  the  more  ev»n 
country  that  formi*  a  part  of  the  Ozark  Plateau,  which  extends  north 
ward  into  Missouri.  The  surface  features  are  closely  related  to  thf- 
nearly  horizontal  rock  formations.  The  rocks  which  outcrop  in  t\\\^ 
area  belong  principally  to  two  classes.  They  may  be  spoken  of  as  tbi 
Mississippian  limestone  and  the  Ordovician  dolomites.  The  MissiN^ip- 
pian  limestones  are  higher  geologically  and  the  area  in  which  tht-y 
outcrop  is  known  as  the  Springfield  upland.  The  area  of  the  Ordovi- 
cian dolomites  is  nearly  coextensive  with  the  Salem  upland.  The>» 
two  divisions  of  the  plateau  are  separated  by  a  more  or  less  distiint 
escarpment,  known  as  the  Burlington  escarpment,  which  has  a  height 
of  approximately  300  feet. 

When  viewed  in  a  broad  way  the  higher  portions  of  the  Springfield 
and  Salem  uplands  are  seen  to  fall  in  a  slightly  warped  plain,  which  i^ 
dissected  by  the  streams.  The  drainage  of  the  western  portion  of  the 
Ozark  region  in  Arkansas  is  tributary  to  Illinois  and  Elk  rivers,  which 
find  their  way  around  the  western  end  of  the  Boston  Mountains  int«> 
Grand  River  and  eventuallj-  into  the  Arkansas.  The  remaining  stream^ 
that  head  in  the  region  are  tributary  to  White  River,  which  flows  in 
an  irregular  course  northward  and  then  southeastward  around  tho 
eastern  end  of  the  Boston  Mountains.  In  the  eastern  poi*tion  of  tht* 
Salem  upland  there  are  a  number  of  streams  which  enter  the  Slate 
from  Missouri.  Some  of  these  are  tributary  to  White  River  within 
the  Ozark  region,  while  others  enter  Black  River,  which  flows  along 
the  eastern  border.  The  larger  creeks,  and  especiall}'  the  rivers,  an* 
perennial.  The  minor  ones  flow  during  most  of  the  year,  but  during 
the  drier  seasons  the  water  in  them  stands  in  pools  or  has  a  decrea.se<l 
flow,  which  is  contributed  by  springs.  The  fact  that  the  country  i*- 
well  watered  is  largely  due  to  the  nature  of  certain  rock  formations 
which  hold  a  large  content  of  water. 

SPRINGS  OF  THE   OZARK  REGION. 

The  horizons  of  the  springs  are  in  large  measure  determined  bv 
certain  formations  which  afford  easy  channels  for  the  underground 
water,  and  b}"  others  which  are  impervious  and  guide  the  flow  alonir 
the  dip  of  the  rocks  to  their  outcrops.  The  following  classification  of 
the  springs  of  the  region  is  tentative  only;  further  observations  and 
more  detailed  study  will  probably  enable  a  classification  to  be  proposed 
which  will  more  fully  cover  the  conditions  existing. 

BPKING8   RELATED  TO  THE  LIMEPTONE8  IN  THE  BOSTON   BBCARPMENT. 

The  rocks  that  outcrop  in  the  Boston  Mountains  are  principally 
sandstones  and  shales.  There  are,  however,  two  limestone  formations 
which,  although  usually  but  from  5  feet  to  50  feet  thick,  are  persistent 
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The  lower  is  known  as  the  Pitkin  limestone  and  the  upper  as  the 
Brentwood.  The  effect  of  these  formations  on  the  topography,  as  the 
result  of  their  manner  of  weathering,  is  to  produce  benche.s.  Their 
outcrops,  although  often  concealed,  are  frequently  seen  as  conspicuous 
ledges.  The  ground  water  finds  an  easy  path  along  the  bedding  planes 
and  joints  of  these  rocks,  and  because  of  slight  undulations  of  the 
formation  it  converges  at  certain  points  and  issues  as  springs.  The 
occurrence  of  these  springs  at  the  headwaters  of  Illinois  River  in  the 
vicinity  of  Prairie  Grove,  and  at  many  other  localities,  influenced  the 
early  settlers  in  their  selection  of  sites  for  homes.  A  spring  of  this 
type  is  seldom  found  which  is  not  the  site  of  a  settlement,  and  in  some 
cases  they  have  determined  the  location  of  towns. 

SPRINGS   RELATED  TO  THE   BOONE   LIMESTONE   AND  CHERT. 

The  principal  formation  in  the  Springfield  upland  is  the  Boone  lime- 
stone and  chert.  Circulating  water  finds  easy  channels  along  its  bed- 
ding planes  and  joints,  and,  as  is  often  the  case  in  such  rocks,  numerous 
solution  channels,  and  occasionally  caves  and  sinks,  have  been  formed 
in  it.  A  large  amount  of  the  underground  water  in  the  Boone  chert 
is  contributed  to  the  streams  without  appearing  as  springs.  In  some 
places,  however,  it  issues  at  the  heads  of  valleys  or  at  levels  above 
streams,  and  forms  important  springs.  A  few  of  the  springs  are  so 
large  that  their  waters  have  been  dammed  or  conducted  by  means  of 
flumes  to  furnish  power  for  small  mills.  At  many  towns  they  are  the 
source  of  water  supply,  and  in  some  instances  the  locality  is  utilized 
as  a  summer  resort,  as  at  Monte  Ne,  for  example. 

SPRINGS  RELATED  TO  THE  SHALE  BED  AT  THE  BASE  OF  THE  BOONE  LIMESTONE. 

In  the  western  part  of  the  Ozark  Plateau  a  bed  of  shale  ranging 
from  a  few  feet  up  to  50  feet  in  thickness  lies  underneath  the  Boone 
formation.  The  influence  of  this  impervious  bed  upon  the  circulation 
of  the  ground  water  is  to  carry  it  along  its  upper  surface  with  the 
dip  to  the  outcrop.  Many  springs  issue  at  the  base  of  the  Boone 
limestone,  just  above  the  shale.  The  best  known  is  Eureka  Spring, 
which  has  become  famed  as  a  health  resort.  While  many  of  the 
springs  occurring  at  this  horizon  do  not  carry  a  large  volume  of  water, 
they  are  of  considerable  importance  as  a  source  of  domestic  supply  to 
individual  households  or  neighborhoods. 

SPRINGS   RELATED  TO  fHE  SANDSTONE   AT  THE  TOP   OP  THE   YELLVILLE   DOLOMITE. 

Descending  in  the  geologic  section  the  next  important  formation 
as  a  source  of  springs  is  this  sandstone.  It  is  a  loosely  cemented 
sandstone,  and  the  waters  which  issue  from  it  are  "softer"  than  those 
previously  mentioned — that  is,  they  carry  but  little  lime.  The  water 
issuing  from  the  sandstone  does  not  usually  afford  a  large  supply, 
but  because  of  its  softness  it  is  particularly  desirable. 


182  HYDROLOGY    OF    EASTERN    UNITED   STATES,   1904.        (nik  lia 

SPRINGS  RELATED  TO  THE  YELLVILLB   DOLOMITS. 

The  Yellville  dolomite  outcrops  over  nearly  the  entire  area  of  tb^ 
Salem  upland.  Its  role  as  a  water  reservoir  in  similar  to  that  of 
the  Boone  formation.  However,  there  are  local  beds  of  snale  and 
argillaceous  layers  in  the  Yellville  formation,  and  m  some  mstance> 
the}"  guide  the  ground  water  to  a  point  of  outcrop.  The  springs  from 
the  dolomite  are  numerous,  but  much  of  the  water  issues  directly  int4» 
the  streams  without  appearing  as  springs.  The  formation  as  seen  in 
its  natural  exposures  exhibits,  especially  along  the  bluffs,  so'ution 
channels  showing  the  point  of  issuance  of  ground  water  before  the 
streams  had  cut  their  valleys  down  to  their  present  positions.  Within 
the  area  of  the  Yellville  formation  there  are  many  sink  holes  and  cav 
erns.  The  ground  water  undoubtedly  moves  in  important  -chaDnels. 
At  Mammoth  Springs,  a  station  on  the  Memphis  Aailway    on  the 
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northern  border  of  the  State,  the  water  issues  with  such  volume  that 
it  is  often  spoken  of  as  a  small  river.  It  contributes,  as  do  many  of 
the  springs  of  the  region,  to  the  natural  beauty  of  the  scenery  and  the 
enjoy niont  of  pleasure  seekers. 

Many  of  the  springs  of  this  region  are  more  or  less  renowned,  and 
some  have  been  f requentexl  for  man}-  years  as  health  resorts.  Analys**s 
of  the  waters  from  some  of  them  have  been  made,  and  certain  of  theiu 
are  reputed  to  have  medicinal  value  and  in  rare  instances  do  contain 
unusual  minerals  in  solution.  It  may  be  said  of  the  springs  of  the 
region  in  geneml  that  they  are  particularly  pure  and  wholesome.  A- 
such  they  are  valuable  for  domestic  purposes,  and  in  some  instances  a^ 
a  supply  for  small  towns.  A  few  of  them  are  regarded  as  posse^^&in^^ 
therapeutic  qualities  which  render  them  valuable  in  specific  ailments. 
None  of  the  springs  in  this  region  are  hot  springs.  On  the  contrary. 
the  temperature  of  them  in  summer  time  is  such  as  to  render  thenj 
cool  and  potable.  The  country  is  at  present  sparsely  settled.  No 
doubt  more  of  the  springs  which  are  now  allowed  to  run  to  waste  will, 
because  of  their  surroundings,  become  valuable  as  pleasure  and  health 
resorts. 


NOTES  ON  THE  HYDROLOGY  OF  CUBA, 


Bv  M.  L.  Fuller. 


INTRODUCTION. 

The  problems  of  the  water  resources  of  Cuba  were  brought  forcibly 
to  the  attention  of  those  interested  in  the  island  during  the  period  of 
occupation  by  the  American  army.  Notwithstanding  the  great  abun- 
dance of  water  on  the  island  as  a  whole,  it  was  found  that  in  many  of 
the  relatively  level  strips  along  the  shores  the  supply  was  frequently 
both  insuflScient  and  of  a  poor  quality.  This  led,  in  a  considerable 
number  of  instances,  to  the  sinking  of  wells  by  the  War  Department. 
The  attention  given,  both  by  the  Americans  and  the  natives,  to  the 
question  of  utilizing  more  fully  the  splendid  natural  resources  of  the 
island  will  doubtless,  under  the  present  improved  conditions,  lead  to 
the  introduction  of  pure  supplies  in  many  villages. 

At  many  of  the  mineral  springs  hotels  and  baths  w^ere  constructed 
and  resorts  developed  by  the  Spanish.  Some  of  the  springs  are  e(|ual 
to  many  of  the  famous  spring  resorts  of  Europe  and  America  in 
natural  beauty  of  surroundings  and  in  the  quality  of  their  waters,  and 
will  probably  in  a  few  years  become  popular  with  many  Americans. 
The  caves,  though  having  many  natural  attractions,  are  in  many 
instances  inaccessible,  and  have  been  until  recently  almost  unknown 
to  people  outside  the  regions  in  which  they  occur. 

The  purpose  of  the  present  notes  is  to  give  a  summary  of  the  natural 
and  artificial  water  resources  of  the  island,  including  town  water  sup- 
plies and  springs  and  the  underground  drainage  with  its  resulting 
caverns. 

AcJcn/ncledgmejdH. — The  facts  included  in  the  following  notes  have 
been  drawn  from  a  number  of  diflferent  sources,  but  in  their  presenta- 
tion it  is  impossible  to  give  separate  credit  in  each  case.  The  portions 
relating  to  the  topography  and  geolog\^  are  mainly  based  on  the 
''  Report  on  a  Geological  Reconnaissance  of  Cuba,"  made  to  Brig.  Gen. 
Leonard  Wood  by  C.  W.  Hayes,  T.  W.  Vaughan,  and  A.  C.  Spencer, 
published  in  Cuba  in  1901;  those  relating  to  water  supplies  from 
reports  of  Assistant  Engineer  O.  Giberga,  Maj.  H.  F.  Hodges,  and 
Resident  Engineer  H.  F.  Labelle,  published  in  ''Civil  Report  of 
Brig.  Gen.  Leonard  Wood,  January  1  to  May  20,  1902,"  volumes  5 
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and  6;  those  relating  to  mineral  water  from  a  report  by  Mrs.  H.  ('. 
Brown  incorporated  in  the  preceding;  those  relating  to  subterranwin 
caves  and  streams  from  "  Island  of  Cuba,"  by  Lieut.  A.  S.  Rowan  ani 
M.  M.  Ramsey  (Henry  Holt,  New  York,  1896);  and  those  relating  to 
wells  in  part  from  published  reports  of  the  War  Department,  but 
mainly  from  written  memoranda  furnished  directly  by  that  Depart- 
ment to  the  United  States  Geological  Survey. 

GEOGKAPHY  AND  TOPOGRAPHY. 

The  island  of  Cuba  is  located  south  of  the  Stat«  of  Florida,  thp 
meridian  of  Washington  crossing  it  about  200  miles  from  its  eastern 
end.  The  distance  of  the  nearest  point  of  Cuba  from  Key^  AVest  is  M* 
miles.  The  length  of  the  island  is  730  miles,  the  bi^eadth  from  2o  to 
90  miles,  and  the  area  about  43,000  square  miles. 

In  general  terms  the  island  may  be  said  to  possess  a  central  high- 
land belt,  reaching  from  Cabo  de  May  si  on  the  east,  first  northwest- 
ward and  then  southwestward  to  Cabo  de  San  Antonio  on  the  wt*st. 
attaining  an  elevation  of  2,600  feet  and  becoming  somewhat  moun- 
tainous in  places,  but  elsewhere  dropping  nearly  to  sea  level. 

The  surface  may  be  divided  into  five  topographic  provinces,  thre^' 
of  which  are  essentially  mountainous  while  the  other  two  are  of  low  or 
moderate  relief.     The  easternmost  of  these  topographic  divisions  coin- 
cides approximately  with  the  Province  of  Santiago.     In  this  province, 
taken  as  a  whole,  there  are  two  principal   mountain  groups.     The 
southern  is  an  east- west  ridge,  known  as  the  Sierra  Maestra,  extend- 
ing from  Cape  Cruz  to  the  vicinity  of  Puerto  de  Guantanamo^  and 
from  there  continued  by  a  geologically  distinct  ridge  of  the  same 
trend  to  ("ape  Maysf.     The  loftiest  mountains  of  Cuba,  some  of  which 
are  higher  than  any  peaks  in  the  eastern  United  States,  occur  in  this 
i-ange.     The  northern  range  merges  with  the  southern  near  the  east 
ern  end  of  the  province,  but  diverges  westward,  the  inten^ening  area 
constituting  the  undulating  plain  of   the  well-known  Cauto  Valley. 
which  westward  merges  with  the  more  extended  plains  of   Puerto 
Principe.     The  second  topographic  division  corresponds  closely  with 
the  Province  of  Puerto  Principe,  and  is  made  up  of  plains  or  rollin<r 
open  country  broken  by  occasional  hills  or  low  mountains  rising  abovt- 
the  general  level.     The  third  division  includes  the  mountainous  por- 
tions of  the  Province  of  Santa  Clara.     The  island  is  here  crossed  bv  s 
mountainous  belt  made  up  of  a  number  of  subordinate  gi-oup^s,  tin* 
highest  point  of  which  is  2,900  feet  in  altitude.     The  fourth  topo- 
graphic district  comprises  the  western  portion  of  Santa  Clara  Prov- 
ince, all  of  Matanzas  and  Habana  provinces,  and  the  eastern  portion 
of  Pinar  del  Rio.     This  region,  like  that  of  Puerto  Principe,  is  made 
up  of  low,  flat,  or  rolling  plains,  broken  by  occasional  hills  several 
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hundred  feet  in  height.  The  fifth  division  comprises  the  greater  por- 
tion of  Pinar  del  Rio,  and  is  characterized  by  a  prominent  range  of 
mountains  reaching  to  a  height  of  2,000  feet.  The  coast  is  bordered 
at  many  points,  especially  on  the  south  side  of  the  island,  by  marshy 
belts,  while  the  shore  is  often  fringed  with  reefs  and  keys. 

GEOLOGY. 

The  structure  of  the  island  in  a  broad  way  is  anticlinal*  The  geo- 
logic axis,  which  coincides  roughly  with  the  topographic  axis,  is 
marked  by  masses  of  serpentine,  granite,  and  folded  and  metamorphic 
slates  and  schists,  on  the  flanks  of  which,  dipping  gradually  away, 
lie  the  later  sedimentary  formations.  The  dip  is  strongest  to  the 
north.  Of  the  later  sedimentary  beds  the  oldest  appears  to  be  a  semi- 
crystalline  blue  limestone,  which  may  be  as  old  as  the  Paleozoic.  It' 
is,  however,  only  locally  developed,  the  first  persistent  beds  being  the 
hard  gray  limestones  of  the  Cretaceous.  These  are  overlain  by  Ek>cene 
limestones  and  glauconitic  sands,  sometimes  interbedded  with  volcanic 
rocks,  and  by  a  great  thickness  of  limestone,  marls,  etc.,  of  Oligocene 
age.  During  the  accumulation  of  these  rocks  the  land  was  deeply  sub- 
merged, at  times  possibly  completely,  except  for  occasional  peaks  in 
southern  Santiago  Province.  In  Miocene  times  the  land  was  uplifted 
above  sea  level,  where  it  has  remained,  except  for  a  possible  subsidence 
of  100  feet  in  Pliocene  times  and  a  number  of  minor  oscillations  in 
Quaternary  times,  during  which  the  Quaternary  shelves  of  elevated 
reef  rocks  were  formed.  The  uplift  was  greatest  along  the  old  axis, 
the  result  being  the  tilting  of  the  beds  on  both  flanks. 

The  limestones,  which  are  the  predominant  rocks  of  the  island,  con- 
stitute nearly  its  entire  surface  except  along  the  axis  of  the  island. 
They  are  in  general  distinctly  stratified,  but  their  internal  structure 
has  been  greatly  changed  by  the  action  of  percolating  waters,  nearly 
all  traces  of  fossils  having  been  destroyed.  Their  present  thickness 
is  from  800  to  1,000  feet.  Since  their  deposition  they  have  been 
removed  by  erosion  from  portions  of  the  higher  lands,  while  in  some 
of  the  less  elevated  lands,  although  they  form  the  surface,  they  are 
frequently  cut  through  by  streams. 

DRAINAGE. 

The  highlands  of  the  island  are  characterized  by  the  presence  of 
abundant  springs  of  considerable  volume.  While  a  considerable  num 
ber  of  these  flow  from  the  metamorphic  and  igneous  rocks,  the  larger 
springs  are  from  the  limestones  which  cover  a  large  part  of  the  island. 
The  waters  are  of  that  extreme  transparency  which  characterizes 
the  limestone  springs  of  the  adjacent  mainland  at  Florida.  It  is  from 
these  springs,  or  in    some    instances    from  underground  streams, 
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that  the  surface  streams  of  the  island  take  their  rise.  The  nin-off 
by  these  streams  is  very  great,  as  the  high  rainfall  usually  occurs  a- 
showers  of  short  duration,  the  water  finding  its  way  quickl3'  down  th« 
steep  hillsides  into  the  streams.  The  portion  of  the  luinfall  sinkiii^: 
into  the  ground  passes  into  the  porous  limestone,  througli  which  it 
finds  its  way  by  general  seepage  or  b}"  way  of  caverns  and  other 
underground  channels  back  to  the  streams.  In  some  instances  whul*' 
streams  disappear  into  the  limestone  only  to  reappear  near  the  maiyin 
or  beneath  the  sea. 

The  arrangement  of  the  streams  in  Cuba  is  very  simple,  their  cour^*  - 
being  nearly  all  normal  to  the  coast  and  their  lengths,  therefore,  ven 
short.  The  divide  between  the  northward  and  the  southward  flowiiiir 
streams  lies  near  the  axis  of  the  island,  being  generally  some  what 
iiearer  the  north  than  the  south  coast.  In  the  eastern  and  wei^tern 
provinces  the  divide  corresponds  with  the  mountainous  belts,  but  in 
the  central  province  it  falls  on  a  level  plain  and  is  extremely  indefinite". 
In  the  mountainous  regions  the  valleys,  while  moderately  steep-sided, 
are  fairly  wide,  but  where  they  cut  through  the  tilted  plateau  aloni: 
the  northern  coast  can3'on-like  valleys  have  been  formed.  An  excep 
tion  to  the  ordinary  arrangement  of  streams  is  found  in  Santia^> 
Province,  where  the  Rio  Cauto,  the  largest  river  of  the  island,  ha>  a 
trend  nearly  due  west.  The  length  of  this  stream  is  150  miles,  and  it 
is  navigable  for  shallow  craft  for  a  distance  of  50  miles. 

Lakes  are  very  rare  on  the  island,  although  a  number  occur  in  tin* 
midst  of  the  dense  vegetation  of  the  marshes  near  the  coast.  Many  of 
these  are  hardly  know^n  to  the  inhabitants  themselves.  A  very  few 
small  lakes  are  also  found  in  the  mountains.  The  most  noted  of  these 
is  Lake  Ariguanabo,  which  lies  20  miles  southwest  of  Habana.  Its 
surface  is  6  square  miles  in  area  and  it  is  drained  by  a  stream  which, 
after  flowing  on  the  surface  a  short  distance,  disappears  into  a  subter- 
ranean passage.  It  is  inhabited  b}^  fish,  which  are  supposed  to  have 
worked  their  way  upward  to  the  lake  through  this  passage. 

CLIMATE. 

The  climate  of  Cuba  is  tropical  and  insular.  The  year  is  divided 
into  a  YHiny  and  a  dry  season,  the  former  extending  from  May  to 
October.  Two-thirds  of  the  total  precipitation,  which  amounts  u 
about  50  inches  at  Habana,  falls  within  this  period.  The  rainfall 
inland  is  considerably  higher.  The  average  temperature  for  Augu**: 
is  from  89^  to  91^,  while  in  December,  January,  and  February  it  i^ 
10^^  to  15^  lower.  The  temperature  of  the  north  coast  is  somewhat 
low^ered  by  the  persistent  northeast  trades.  The  relative  humidity  i- 
very  great,  amounting  to  an  average  of  80  per  cent. 
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WATER  SUPPLY. 
CITY   WATER  SYSTEMS. 

Notwithstanding  the  extremely  numerous  springs  and  streams  of 
pure  water,  few  public  supply  systems  have  been  installed,  and  these 
only  in  the  largest  cities  and  towns.  In  the  smaller  cities  and  villages 
the  supplies  are  obtained  from  a  variety  of  sources.  Shallow  wells 
are  generally  used  where  water  is  obtainable,  regardless  of  the  fact 
that  they  are  almost  invariably  subject  to  contamination.  Cisterns  are 
frequently  used,  but  generally  furnish  insufficient  supplies  to  meet  the 
needs  of  the  people.  To  supply  this  deficiency  water  is  often  peddled 
about  the  streets  in  kegs  and  other  receptacles.  Even  where  pure 
city  supplies  are  at  hand  the  poorer  classes,  in  many  instances,  are  not 
inclined  to  connect  with  the  pipe  systems  because  of  the  expense,  but 
prefer  to  continue  to  purchase  their  sup,)lies  from  peddlers.  In  some 
towns  water  has  been  at  times  so  scarce  that  it  has  commanded  almost 
fabulous  prices. 

Ilahana, — The  first  water-supply  system  for  the  citj'^  of  Habana  was 
installed  at  the  close  of  the  sixteenth  century,  when  a  dam  was  built 
across  the  Almendares  River  about  a  mile  above  Puentes  Grandes,  and 
the  water  brought  to  the  city  through  an  uncovered  aqueduct  known  as 
the  Zanja  Real,  which  reaches  the  city  at  a  point  near  the  present  reser- 
voir. From  this  point  the  zanja  divides  into  many  branches,  the  water 
ultimately  making  its  way  into  the  bay  and  sea  through  M atadero,  Agua 
Dulce,  and  San  Lazaro  creeks  and  the  city  sewers.  The  water  in  this 
aqueduct  is  now  so  contaminated  as  to  be  unfit  for  drinking  in  the 
built-up  portions  of  the  city,  and  is  at  present  mainly  used  for  irriga- 
tion and  power.  The  water  rates  paid,  however,  are  so  low  that  the 
expense  of  keeping  the  zanja  in  repair  is  greater  than  the  income 
derived  from  it. 

The  second  system  of  water  supply  dates  from  1837,  when  the 
Almendares  River  was  diverted  at  a  point  about  4^  miles  above  the 
city.  The  water  was  conducted  by  a  20-inch  iron  pipe  laid  to  the  city, 
together  with  a  limited  number  of  distributing  pipes,  the  system  being 
known  as  the  aqueduct  of  Fernando  VII.  An  attempt  was  made  at 
filtration,  but  the  methods  proved  defective  and  in  times  of  heavy  rain 
the  supply  was  turbid  from  surface  wash.  The  filters,  however, 
although  of  an  antiquated  type,  were  found  by  the  Americans  to  be  in 
good  condition  and  were  cleaned  and  maintained,  in  order  that  they 
could  be  utilized  to  bring  in  the  Almendares  water  in  case  of  a  break 
in  the  Vento  aqueduct. 

The  supply  from  the  river  proving  insufficient  a  new  system  was 
projected  in  1858.  By  this  plan  a  group  of  400  springs  near  Vento, 
on  the  banks  of  the  Almendares,  about  8  miles  above  the  city,  were 
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enclosed  in  a  masonry  structure  150  feet  in  diameter  at  fche  hase.  :;/' 
feet  at  the  top,  and  60  feet  deep.     Masonry  dams  were  built  around 
the  top  to  keep  out  the  surface  wash.     The  water  is  carried  under  th^ 
river  through  an  inverted  siphon  consisting  of  two  heavy  iron  pipes  it 
a  masonry  tunnel,  and  thence  by  gravity  through  an  underground 
masonry  aqueduct  to  the  Palatino  reservoir,  about  4  miles  from  thr 
city.     From 'the  reservoir  the  city  is  supplied  by  gravity  throuifh  a 
system  of  distributing  mains.     The  construction  of  the  system  met 
with  many  interruptions,  but  the  works  were  finally  completed  alnrnt 
1893.     The  supply  is  about  40,000,000  gallons  a  day,  against  l,333jf  ^' 
gallons  a  day  of  the  earlier  system. 

In  1886,  during  the  construction  of  the  Vento  aqueduct  and  before 
its  completion  and  the  construction  of  the  reservoii*s,  a  branch  main« 
20  inches  in  diameter,  was  run  from  the  Vento  aqueduct  at  a  point 
opposite  the  filter  beds  to  those  beds,  and  the  water  of  Almendans 
River  was  cut  off  from  the  beds  and  the  Vento  water  supplied  to  the 
city  through  the  aqueduct  of  Fernando  VII.  Since  the  completion  t»f 
the  Vento  system  neither  this  branch  main  nor  that  portion  of  thi- 
aqueduct  of  Fernando  VII  south  of  Palatino  has  been  used.  Theji 
have,  however,  been  maintained  in  good  condition,  so  that  in  case  of 
accident  to  the  Vento  s^^stem  below  the  branch  main  the  city  could  K 
supplied  with  Vento  water  through  this  branch  and  the  Fernando  VII 
aqueduct. 

Casa  Blanca  and  Regla  were  formerly  dependent  upon  cisterns  «»r 
local  wells  more  or  less  contaminated,  or  upon  water  supplied  f  roiu 
the  Habana  mains,  which  was  carried  across  the  harbor  in  boats  an  i 
sold  at  the  rate  of  2  cents  a  gallon.  In  1899  an  iron  pipe  was  laid 
across  the  harbor  to  a  pumping  station  at  Cabana  Fortress,  from  which 
the  water  is  pumped  to  a  200,000-gallon  tank  on  the  hills,  whence  it 
flows  by  gravity  to  Cabana  Fortress,  the  barracks,  and  the  town  of 
Casa  Blanca.  Regla  is  supplied  by  a  gravity  main  connected  with  tli* 
Habana  supply.  A  pumping  station  was  installed  in  1898  near  the 
Palatino  reservoirs  for  the  purpose  of  furnishing  supplies  for  the  camp 
at  Quemados,  Marianao,  and  to  Camp  Columbia,  Aldecoa,  Princip, 
and  several  hospitals,  and  other  places.  A  project  was  also  starte<l  i" 
supply  the  town  of  Arroyo  Naranjo  from  springs  at  Calabazar.  Plan- 
were  also  made  for  supplying  Pirotecnia,  Carmelo,  and  other  loc*alitic-. 

The  only  large  sections  of  Habana  now  without  Vento  water  are  ib» 
higher  portions  of  Josus  del  Monte  and  La  Vibora  and  the  high  sn*- 
tions  of  Vedado,  all  of  which  will  have  to  l)e  supplied  by  pumping.  i> 
they  are  above  the  limits  of  the  gravity  supply.  Detailed  plans  awl 
estimates  were  prepared  and  submitted  for  the  supply  of  the  former 
places,  at  an  estimated  cost  of  $36,500,  but  the  work  was  not  undt^r 
taken  by  the  Americans  on  account  of  the  lack  of  funds.  Studies  wor 
made  for  the  supply  of  the  higher  parts  of  Vedado. 
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A  concession  was  granted  to  a  private  company  by  the  Spanish  in 
1894  to  supply  and  sell  Vento  water  to  the  lower  portions  of  Vedado 
and  Carmelo.  Some  work  was  done,  but  the  system  was  found  to  be 
incomplete  and  in  bad  condition,  and  the  concession  was  annulled  by 
order  of  the  governor  of  Habana  in  1899.  This  order  Was  revoked, 
however,  in  1900.     The  conditions  are  still  very  unsatisfactory. 

During  the  Spanish  control  cast  and  wrought-iron  pipes,  princi- 
pally the  latter,  were  used  for  house-service  connection,  and,  owing  tci 
the  rapidity  with  which  thej'^  are  destroyed  by  the  salts  and  acids  o1: 
the  soil,  breaks  were  frequent.  Many  of  the  distributary  pipes  were 
also  old  and  the  connections  were  frequently  faulty  and  complicated. 
Many  of  the  valves  of  the  old  system  were  found  to  be  almost  entirely 
destroyed.  A  large  amount  of  repairs,  including  the  replacement  o:f 
much  pipe,  the  installation  of  many  new  valves,  and  the  inspection  oi 
400  fire  hydrants  and  installation  of  100  new  ones  were  made  by  the 
Americans. 

In  certain  parts  of  the  city  leakage  was  very  great  and  an  investiga- 
tion was  made  by  the  Americans,  with  the  result  that  the  daily  con- 
sumption was  decreased  from  35,419,342  to  28,760,800  gallons,  or  from 
144  to  117  gallons  per  capita.  The  consumption  is  still  high,  espe- 
cially for  the  hours  between  1  and  2  a.  m.,  when  the  legitimate  con 
sumption  should  be  very  small.  Probably  much  of  this  loss  is  due  to 
leaks  that  can  not  be  readily  located  because  of  the  porosity  of  tho 
soil,  which  favors  rapid  absorption  of  the  leakage. 

The  regulations  governing  the  water  supply  of  the  city  do  not  admit; 
of  proper  control  and  regulation  of  the  service.  In  1902  the  installa 
tion  of  water  was  made  compulsory  in  those  portions  of  the  city  thai; 
are  supplied  with  mains  and  the  installation  of  meters  was  required  in 
manufacturing  establishments  or  other  institutions  using  large  quan- 
tities of  water.  This  order  greatly  increased  the  revenues  and  secured 
a  more  just  distribution  of  charges. 

During  the  American  occupation  it  was  observed  that  for  a  day  oi 
two  after  a  freshet  a  quantity  of  turbid  water  entered  the  main  spring 
or ''  taza"  at  Vento.  It  was  at  first  thought  that  this  was  caused  by  the 
river  water  entering  the  spring  through  the  valves  regulating  the  over- 
flow, which  were  not  designed  to  resist  pressure  from  the  outside,  bul 
experiments  made  later  showed  that  the  trouble  was  due  not  only  tc. 
this  leakage,  but  chiefly  to  underground  connections  between  the  outei 
springs  and  the  main  springs.  When  the  river  rises  beyond  the  leve] 
of  the  main  spring,  the  head  thus  formed  forces  the  water  through 
these  connections  into  the  spring.  Apparently  the  only  way  to  pre- 
vent this  is  to  build  a  tight  wall  around  the  outer  springs  and  carry  it 
above  the  highest  flood  level,  or  else  to  tightly  cover  these  springs  and 
provide  automatic  waste  valves  which  will  close  when  the  river  risei-; 
to  the  danger  point. 
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During  the  period  of  the  American  occupation  the  Vento  aquetiu'  r 
and  the  Palatino  reservoirs  were  maintained  in  good  condition,  th- 
reservoirs  being  thoroughly  cleaned  at  least  once  a  month.  The*^  an . 
however,  insufficient  in  size,  holding  less  than  half  a  day\s  supply,  ai; . 
should  be  enlarged.  The  aqueduct  is  large  enough  for  present  net^N. 
but  a  new  one  is  desirable  to  provide  for  the  possibility  of  accident  to 
the  present  one.  The  supply  from  the  springs  is  ample  for  pre^  1 1 
and  future  needs,  and  the  water  is  excellent  in  quality,  bein^  alni"-: 
pure  organically,  but  hard  from  limestone  in  solution. 

MaUnizaa, — The  cit}'  of  Matanzas  has  had  an  abundant  supply « : 
excellent  water  since  1872.     The  source  is  Bello  Springs,  from  7  tu  1 
miles  from  town.     As  in  other  Cuban  cities,  many  have  failed  to  taik' 
advantage  of  the  public  supply  but  continue  to  obtain  their  supply  f-. 
purchase  or  from  shallow  wells  and  springs. 

During  the  American  occupation  the  problem  of  supplying  the  jail 
was  investigated.  The  water  is  now  obtained  from  a  cistern  aui 
pumped  into  an  elevated  23,000-gallon  tank,  from  which  it  is  di.'^tri^ 
uted  to  the  jail  for  use  in  baths  and  closets.  Since  installing  the  tank 
the  average  daily  consumption  from  the  water  company's  mains  Ju- 
been  reduced  from  between  5,000  and  10,000  gallons  to  about  500  gal- 
lons, the  average  charges  at  the  same  time  falling  from  $U5  to  $3.<'. 
the  latter  sum  being  paid  for  water  still  obtained  from  the  company 
for  drinking  and  cooking  purposes.  The  total  cost  of  the  instailatior. 
was  $357. 

Cardenas, — Cardenas  has  been  supplied  since  1872  with  pure  watr: 
from  a  subterranean  river  about  a  mile  distant.  Brackish  welL?  ah. 
cisterns  are  still  depended  upon  by  some  of  the  people,  while  otbe''- 
have  until  recently  purchased  their  water  from  street  peddlers- 

CieiifuegoH. — Until  a  few  years  ago  this  city  was  supplied  by  cisterib 
or  by  peddlers,  but  waterworks  were  being  introduced  at  the  time  <•: 
the  American  occupation. 

Guantanaino. — This  town  was  formerly  supplied  by  an  undergrouijl 
stream  flowing  from  a  cave,  but  work  on  a  new  supply  was  begun  ii. 
1899  by  the  Americans,  who  built  a  dam  across  Guaso  River,  9  mih  - 
from  Guantanamo.     This  dam  was  completed  in  1901  and  3'ields  a  >ui» 
ply  of  955,152  gallons  of  excellent  water  daily,  or  120  gallons  j> : 
capita.     The  total  cost  was  $210,166.32.     The  work  was  turned  ovu 
to  the  municipality  in  February,  1902. 

Puertff  Pr!nc!j>e, — The  water  supph'^  of  Puerto  Principe  is  deriv*- 
chiefl}'  from  artesian  wells,  five  of  which  were  drilled  during  the  Ani»  r 
ican  occupation.  Of  these,  two  are  in  the  northern  part  of  the  ci:;. 
one  in  the  western,  one  in  the  central,  and  one  in  the  southern.  Tt 
two  wells  in  the  northern  part  of  the  city  are  each  486  feet  deep,  <i:. 
ated  side  by  side,  and  supply  about  25,000  gallons  of  water  daih  ' 
the  public  buildings  and  to  the  public  who  call  for  it.     At  this  \\s- 
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the  water  is  pumped  by  steam,  the  pumps  being  run  day  and  night. 
At  the  other  wells — one  near  Carmen  Hospital,  where  a  good  and 
abundant  supply  was  obtained  at  a  depth  of  188  feet;  one  in  the  market 
place,  207  feet  deep,  and  one  at  the  Matadero,  154  feet  deep — 60-foot 
tower  windmills,  with  10,000-gallon  tanks,  have  been  erected.  The 
tanks  are  placed  30  feet  above  the  ground. 

Santiago. — Santiago  has  long  been  supplied  with  water  from  Boni- 
ato  River,  a  neighboring  stream,  the  water  being  conducted  to  the  city 
by  an  aqueduct.  This  was  cut  by  the  American  army  during  the  siege 
of  the  city,  but  was  repaired  during  the  American  occupation.  Prior 
to  this  time  the  supply  was  only  about  9  gallons  per  capita  from  June 
to  February,  while  in  March,  April,  and  May  the  stream  was  so  low 
that  only  2.5  to  5  gallons  were  obtainable.  After  certain  improve- 
ments had  been  made,  measurements  showed  the  supply  capable  of 
yielding  800,000  gallons  daily,  or  18.6  gallons  per  capita,  but  the  sup- 
ply was  decreased  162,000  gallons  daily  by  the  necessity  of  cutting  a 
part  oflf  from  the  lower  part  of  the  city  in  order  to  secure  sufficient 
head  to  supply  certain  of  the  higher  portions.  An  additional  supply 
of  30,000  gallons  was  obtained  by  cleaning  and  repairing  the  old  reser- 
voir built  in  1860  and  connecting  it  with  the  city  mains.  The  north- 
ern part  of  the  city  was  supplied  from  the  reservoir,  while  the  southern 
part  was  supplied  by  the  direct  mains.  Pumps  were  also  installed  to 
increase  the  supply  in  dry  seasons. 

As  approximately  3,000  people  live  on  the  stream  within  a  mile  of 
the  intake  the  water  was  badly  polluted  and  there  was  constant  danger 
of  epidemics.  This,  taken  in  connection  with  the  deficiency  of  supply, 
made  it  imperative  to  look  for  a  new  source.  Detailed  investigations 
were  accordingly  made  by  the  Americans,  the  country  for  30  miles 
around  the  city  being  examined  with  a  view  to  procuring  a  new  sup- 
ply. The  sources  considered  were  (1)  a  gravity  supply  from  Baco- 
nao  River;  (2)  a  gravity  supply  from  Cauto  River,  and  (3)  a  pump 
supply  from  wells  in  the  San  Juan  Valley. 

In  the  proposed  Baconao  system  the  water  would  be  taken  from  a 
point  about  21  miles  above  the  mouth  of  the  river,  from  which  it  would 
be  conducted  19  miles  to  Daiquiri  and  18.5  miles  farther  to  Santiago. 
Nearly  the  whole  of  the  line  is  of  easy  access,  and  the  location  would 
require  very  little  costly  road  making.  The  estimated  total  cost  was 
$2,844,812  and  the  annual  cost  of  operation  1169,000. 

A  supply  from  Cauto  River  could  be  brought  in  by  pumping  through 
the  Maniel  or  Rio  Frio  Pass  from  a  point  about  2^  miles  below  Dos 
Palmas,  a  distance  of  25  miles  from  Santiago.  The  country  is  favor- 
able to  the  construction  of  a  conduit,  and  good  locations  for  dams  and 
power  stations  are  available.  The  estimated  cost  was  $1,451,127,  and 
the  annual  cost  of  opei^ation  $105,000. 
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The  preliminary  surveys  having  shown  that  still  better  results  would 
be  obtained  from  a  well  svstem  in  the  San  Juan  Vallev«  a  detailed 
investigation  in  that  region,  including  the  drilling  of  test  w^ells,  wa^ 
undertaken.     The  portion  of  the  valley  under  consideration  lies  ju?! 
south  of  the  Sierra  Maestra,  and  drains  to  the  sea  through  a  g'orge  o^"* 
feet  wide  at  La  Laguna.     The  underflow  through  the  river  gravels  i> 
very  high  in  some  of  the  branches,  and  the  water  is  of  good  quality,  not- 
withstanding the  river  waters  themselves  are  frequently  much  polluted. 
The  well  sections  show:  (1)  A  surface  layer  of  brown  clay  and  vege- 
table matter  from  about  4  to  16  feet  in  depth;  (2)  a  water- bearintr 
stratum  of  sand,  gravel,  bowlders,  and  broken  coral  rock,  11  to  30  U^X 
thick,  with  an  average  of  25  feet;  (3)  blue,  yellow,  or  brown  clay,  o  to 
20  feet  thick;  and  (4)  a  series  of  sands,  gravel,  broken  coral  rock,  clay, 
etc.     The  coral  bed  rock  has  not  l)een  reached  except  along  the  bor- 
ders of  the  valley,  where  it  is  near  the  surface.    The  following  record 
may  be  given  as  t3^pical: 

Record  of  well  at  Santiago^  Cuba, 


Strata. 


Soil 

Fine  sand. 


Gravel 

Coarse  gravel 

Yellow  clav 

Blue  clay 

Fine  sand 

Sandstone 

Coral  rock , 

Hard  coral  rock , 

Fine  sand 

Yellow  clay 

Sand  and  gravel 

Clav 

SaiulHtone , 

Gravel  and  sand  composition 

Total 


The  area  of  the  local  underground  reservoir  to  be  drawn  u{x>n  for 
the  supply  is  estimated  as  3^  square  miles,  and  the  probable  yiels 
computed  as  from  1,235,000  gallons  a  day  in  dry  seasons  to  perhaps 
2,434,000  gallons  in  wet  seasons.     The  average  rainfall  is  estimated  n 
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about  60  inches,  the  run-oflf  as  13.5  per  cent,  and  the  total  supply  of 
underground  storage  23,000,000  gallons  a  day.  If  60  per  cent  of  the 
15  feet  of  storage  gravel  is  utilized  the  supply  is  good  for  410  days, 
which,  considering  the  fact  that  the  dry  season  lasts  only  four  or  five 
months,  is  amply  sufficient.  The  water  of  the  lower  gravels  can  also 
bo  utilized  in  case  of  any  deficiency  of  the  upper  supply.  Infiltration 
galleries,  gang-tube  wells,  and  large  caisson  wells  were  considered  as 
methods  of  collecting  the  water,  the  latter  being  finally  recommended. 
San  Juan  Hill  was  selected  as  the  best  site  for  the  pumping  plant. 
An  examination  of  the  water  by  G.  C.  Whipple,  of  Brooklyn,  N.  Y., 
showed  slight  organic  matter,  low  free  ammonia  nitrites  and  nitrates, 
and  high  chlorine,  as  well  as  carbonates  and  sulphates — especially  the 
former.  Storage  in  the  dark,  to  prevent  algous  growth,  wa«  recom- 
mended. The  cost  of  installation  was  estimated  at  $408,650  and  that 
of  operation  as  $92,000  annually.  Both  figures  are  much  lower  than 
cither  of  the  other  systems  proposed. 

Mamanillo, — This  town  formerly  had  a  water  system  deriving  its 
supply  from  the  river  Yara,  but  it  proved  unhealthful  and  was  aban- 
doned.    Cisterns  now  furnish  the  main  supply. 

SPRINGS. 

Owing  to  the  great  porosity  of  the  limestone  which  forms  the  sur- 
face over  a  large  part  of  Cuba,  and  which  rapidly  absorbs  and  almost 
as  rapidly  discharges  its  waters,  springs  are  very  niunerous.  They 
are  of  all  sizes,  from  small  rills  up  to  almost  river-like  streams. 
Some  of  the  springs  seep  from  the  porous  limestone,  but  many  of 
them  issue  from  more  or  less  cavernous  orifices.  They  issue  at  all 
altitudes,  from  the  higher  portions  of  the  hills  down  to  the  lowland 
border,  or  even  at  sea  level.  It  is  probable  that  the  marshy  tracts 
bordering  the  south  coast  at  many  points  are  in  part  due  to  the  emer- 
gence of  the  underground  water  through  the  limestone.  Not  all  of 
the  water  comes  to  the  surface  of  the  land  as  springs,  but  some  passes 
outward  and  emerges  from  the  sea  bottom  along  the  coast,  where  in 
many  instances  the  fresh  water  can  be  seen  bubbling  up  through  the 
salt  water.  Such  springs  occur  in  Habana  Harbor  and  at  many  other 
points.  The  fresh  water  which  emerges  as  copious  springs  on  some 
of  the  keys  is  probably  of  the  same  origin,  coming  from  the  main- 
land through  subterranean  passages  in  the  limestone. 

Most  of  the  spring  waters  of  the  island  are  highly  calcareous,  but 
are  usually  not  otherwise  especially  high  in  mineral  matter.  They 
form  pure  supplies  for  a  number  of  cities,  including  Habana,  Matan- 
zas,  and  Cardenas,  while  at  other  points  not  having  public  supplies,  as 
at  Marianao,  the  water  is  obtained  from  adjacent  springs  and  sold 
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through  the  town.  Although  by  far  the  larger  number  of  springs  are 
of  the  pure  calcareous  t3'pe,  there  are  a  number  of  mineral  sprin^^ 
upon  the  island.     These  are  described  under  "  Mineral  waters,''  below. 

8UBTBRRANEAX   STREAMS   AND  CAVBS. 

Probably  very  few  regions  in  the  world  so  abound  in  care?:  ant! 
subterranean  passages  as  the  island  of  Cuba.  The  porous  limeston*- 
permits  a  free  entrance  of  water  which,  by  its  passage,  dissolves  out 
caverns  of  various  shapes  and  sizes.  Although  the  underground  jm- 
sages  are  very  numerous  they  are  not  usually  large,  and  the  ca\  ♦  ^ 
generally  lack  the  great  beauty  of  many  of  the  stalactite-hung  cavt- 
of  the  harder  tj^pes  of  limestone. 

Many  streams  disappear  from  the  surface  into  the  limestone.  ( >t 
such  streams  the  Rio  San  Antonio,  in  the  province  of  Habana^  i>  ib- 
most  noted.  This  stream  issues,  with  a  width  of  several  feet  an^  n 
strong  current,  from  Lake  Ariguanabo,  flows  a  short  distance  throu«r . 
the  town  of  San  Antonio  de  Los  fianos,  and  then  enters  a  cavern  an  i 
disappears  from  the  surface.  In  a  similar  manner  the  Rio  Guana 
jay  flows  on  the  surface  for  about  12  miles  and  then  disappears  im*' 
the  limestone  near  the  village  of  San  Andr&.  The  Rio  Jatibonieo  d»  I 
Norte  rises  in  the  Sierra  de  Jatibonieo  and  alternatelv  disappears  an  i 
reappears  in  a  succession  of  cascades.  The  Rio  Mayari,  near  Santiago, 
and  the  short  stream  called  Moa  both  pass  through  caverns  in  their 
courses.  Many  other  streams  throughout  the  island  pass  at  one  poii.t 
or  another  in  their  course  under  natural  rock  arches. 

Among  the  larger  or  more  noted  of  the  caves  are  those  of  Re^^l 
ladero  Guacanaya,  in  Guaniguanico;  Maria  Bel^n,  in  the  Sierra  dr 
Anafe;  that  of  Cotilla,  near  San  Jos^  de  las  Lajas,  15  miles  southea>t 
of  Habana;  the  magnificent  caves  of  Bellamar  in  Matanzas;  the  cavt^ 
of  San  Jos6  de  los  Remedios;  and  the  caverns  of  Cubitas,  of  Giban. 
of  Yumurl,  of  Holguin,  and  of  Bayamo;  while  north  of  Guantanai:  > 
are  the  noted  Monte  Libano  caverns. 

The  Bellamar  caverns,  3  miles  distant  from  Matanzas,  are  exten^i^f 
and  possess  a  high  temperature.  The  air  is  supposed  to  have  certa  ' 
cumtive  properties,  and  the  caves  are  resorted  to  by  invalids.  A: 
Bamcoa  are  caverns  that  have  an  unusual  development  of  stalactit'- 
and  contain  animal  remains  of  unknown  date. 


MINERAL   WATERS. 


Cuba  possesses  some  true  mineral  springs,  although  these  are  siml 
in  number  compared  with  the  common  springs.  Little  use  is  3'et  rm:* 
of  them  for  drinking  purposes,  and  almost  nothing  is  done  in  the  vy 
of  shipment.  On  the  other  hand,  however,  they  are  extensively  u-* 
for  bathing  at  various  watering  places  and  health  resorts.     The  poni. r 
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of  the  following  notes  relating  to  the  province  of  Pinar  del  Rio  and  to 
a  part  of  Habana  Province  was  compiled  by  Mrs.  H.  C.  Brown  for  the 
report  of  Brigadier-General  Wood. 

Province  of  Pinar  del  Bio, — Of  the  numerous  health  resorts  of  Cuba, 
that  of  San  Diego  de  los  Bai!os  enjoys  a  particularly  large  share  of 
popular  favor.  The  town  was  founded  in  1843,  and  before  the  numer- 
ous wai^s  decimated  the  population  contained  8,007  inhabitants,  but  at 
present  it  counts  little  more  than  a  quarter  of  that  number.  The  left 
bank  of  the  river  which  flows  beside  the  town  bubbles  with  sulphurous 
springs,  some  warm,  others  cold.  The  best  known  of  these  are  called 
Templado,  Tigre,  and  La  Paila.  On  the  authority  of  Dr.  Jos^  Miguel 
Cabarrouy,  medical  director  of  the  baths,  the  following  analysis  of  the 
waters  of  Templado  and  Tigre  is  given: 

^inalym  ofmbieral  ivater  at  San  Diego  de  los  Baflos^  province  of  Pinar  del  RiOy  Cuba. 

Per  cent. 

Hydrogen  sulphide 0. 152 

Carbonic  acid 062 

Sulphate  of  lime 974 

Chloride  of  sodium 032 

Bicarbonate  of  magnesia 080 

Alumina , 006 

Total 1.306 

The  density  of  these  waters  is  given  as  1.014.  They  contain,  besides 
the  ingredients  noted  above,  undetermined  quantities  of  silicic  acid, 
carbonate  of  iron,  nitrogen,  oxygen,  and  organic  matter.  The  Tem- 
plado produces  860,000  liters  in  twenty-four  hours,  and  the  Tigre 
240,000,  without  any  variation  according  to  seasons.  The  water  is 
colorless,  has  the  disagreeable  odor  of  sulphuretted  hydrogen,  and 
tastes  slightly  sulphurous.     It  has  a  temperature  of  about  34^  C. 

The  spring  called  La  Paila  shows  the  following  analysis: 

Analym  of  water  from  Mineral  Spring  La  Paila^  province  of  Pinar  del  Rio^  Cuba. 

Per  cent. 

Sulphate  of  lime 1.068 

Chloride  of  sodium 022 

Bicarbonate  of  magnesia 120 

Carbonic  acid .  084 

Alumina 012 

Total 1.306 

The  waters,  which  have  a  temperature  from  22^  to  25^  C,  show 
traces  of  sulphuretted  hydrogen,  silica,  carbonate  of  iron,  oxygen, 
nitrogen,  and  organic  matter. 

The  waters  of  San  Diego  de  los  Banos  have  proved  to  be  of  special 
value  in  cases  of  skin  disease,  rheumatism,  and  nervous  aflfection.  The 
place  has  a  wide  patronage  and  makes  pretensions  as  a  popular  resort. 
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Springs  of  mineral  water  are  also  reported  from  the  municipal  dis- 
trict of  Mariel.  In  the  district  of  San  Cristobai  are  springs  called 
Soroa. 

Province  of  Ilahana, — The  most  prominent  springs  of  liabana  Pr<n - 
ince  are  found  at  Guanabacoa,  Madruga,  and  Santa  Maria  del  RosaricK 

The  principal  use  of  the  mineral  water  at  Guanabacoa  is  made  by  tht^ 
Santa  Rita  baths,  which  are  constructed  of  stone  and  are  p^opular  with 
many  of  the  residents  of  Habana. 

Madru^  has  warm  and  sulphur  baths,  supposed  to  possess  curative 
properties  in  cases  of  skin  disease,  and  also  springs  of  mineral  water 
that  is  reported  to  be  excellent  for  stomach  troubles.  The  town  is  a 
popular  watering  place,  having  sev^eral  hotels  which  are  extensive) v 
patronized  from  March  to  October. 

The  baths  of  Santa  Maria  del  Rosario  are  famous  for  their  medicin:il 
qualities.  The  principal  springs  that  supply  the  baths  are  three  in 
number.  The  waters  of  the  first,  which  is  called  Mina,  Templado,  or 
Palmita,  issues  from  an  orifice  in  the  rock  3.80  meters  below  the  sur- 
face. The  water  from  this  spring  is  clear  and  colorless,  has  the  odor 
of  sulphuretted  hydrogen,  and  is  disagreeable  to  the  taste.  It  is  cold, 
reaching  a  temperature  of  only  22^  C.  Its  reaction  is  alkaline.  The 
water  of  the  second  spring,  called  Tigi*e,  comes  from  a  well  6.04  meters 
deep.  Although  clear  and  transparent,  it  has  a  light  yellow  color,  an 
odor  more  pronounced  than  that  of  La  Mina,  and  a  stronger  taste  than 
the  first.  Its  temperature  is  21.5^  C,  and  its  reaction  is  freeh'  alkaline. 
The  spring  called  La  Paila  is  only  a  meter  deep.  The  water  is  clear  and 
colorless  and  has  an  odor  and  a  taste  more  pronounced  than  the  water 
of  the  other  two  springs.  It  is  colder,  having  a  temperature  of  19.50 
C.  Analysis  of  the  waters  shows  appreciable  amounts  of  sulphur  and 
hydrogen  sulphide. 

Isle  of  Pines. — ^There  are  many  natural  springs  all  over  the  Isle  of 
Pines,  and  those  of  Santa  Y^.  have  an  established  reputation  for  their 
curative  properties,  both  in  (^uba  and  abroad.  The  waters  are  said  to 
be  particularly  rich  in  iron  and  magnesia,  and  contain  also  ox\'gen  and 
carbonic-acid  gases,  chloride  of  sodium,  sulphate  of  lime,  carbonate  of 
lime,  chloride  and  nitrate  of  calcium,  and  silica.  The  temperature  of 
the  waters  is  generally  about  82^  F.  Some  of  the  larger  springs  flow 
a  stream  of  water  the  .'^ize  of  a  man's  bodv. 

•- 
WEU-8   ftCNK    BY   THE   WAR   DEPARTMENT   IN   CUBA.« 

Clenfmgos, — A  wiell  was  sunk  by  the  arm}"  authorities  at  this  point 
to  a  depth  of  111  feet.  A  good  flow  of  water  was  obtained.  The  fol- 
lowing is  a  record  of  the  materials  penetrated: 

Feet. 

Clayandband 1-  86 

Blue  clay  - 87-101 

ftl»w  rid V  and  gravel 102-1 1 1 

«  Compiled  from  reports  and  iiicmorHiidn  of  the  War  Departmeni. 
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(rihara, — Two  wells  were  drilled  at  this  point  by  the  Bacon  Air  Lift 
Company,  at  a  cost  of  $2,600.  The  tirst  well  was  started  August  8, 
li)()0,  but  was  abandoned  at  a  depth  of  212  feet,  because  of  the  telescop- 
ing of  the  pipe.  A  new  well  was  then  started.  This  obtained  water 
at  75  feet  and  again  at  90  feet,  but  the  flow  was  small.  At  560  feet  a 
strong  flow  of  salt  water  was  obtained  and  the. well  was  then  aban- 
doned. The  diameter  of  the  casing  was  8  inches  at  the  top  and  6  inches 
at  the  lx)ttom.  The  failure  of  this  well  was  seriously  felt,  as  the  cis- 
tern  supply  on  w^hich  the  town  depended  was  very  insufficient.  Sev- 
eral other  wells  were  drilled  to  a  depth  of  about  600  feet  with  like 
results. 

Gvamijay, — A  well  was  here  sunk  to  a  depth  of  40  feet,  which 
resulted  in  a  failure. 

Ilolguin. — Most  of  the  supplies  at  this  place  are  from  surface  wells 
and  are  satisfactory  in  amount  except  at  times  of  drought.  The  water 
is  derived  from  disintegrated  granite  and  is  somewhat  liable  to  surface 
contamination.  It  is  hard  and  contains  considerable  mineral  matter. 
During  the  American  occupation  the  public  wells  were  deepened  and 
cleaned,  and  windmills  were  erected.  An  artesian  well  was  begun  on 
November  20,  1900.  A  strong  flow  of  excellent  water  is  reported  to 
have  been  obtained  at  61  feet,  but  was  cased  oflf  with  the  hope  of  find- 
ing more  abundant  water  at  a  deeper  level.  Hard  water  was  encoun- 
tered, however,  and  the  bit  broke  at  160  feet,  at  which  depth  the  well 
ceased.  A  later  well  went  to  a  depth  of  400  feet,  a  small  amount  of 
water  being  found  at  a  depth  of  125  feet,  but  none  below.  A  steam 
pump  and  tank  were  put  in,  and  the  well  gave  a  supply  sufficient  for 
the  barracks,  but  not  for  the  town. 

Matanza^. — Wells  were  drilled  by  the  Government  to  depths  of 
from  330  to  400  feet,  but  resulted  in  failure. 

Pdsa  Cabellos, — The  wells  sunk  by  the  War  Department  at  this 
point  were  78  feet  deep  and  gave  60,000  gallons  during  a  ten-hour 
pumping  test. 

Puiar  del  Rio, — A  well  begun  by  the  W^ar  Department  on  April  6, 
1899,  was  drilled  to  a  depth  of  285  feet,  but  resulted  in  a  partial  fail- 
ure, the  water  being  very  hard  and  carrying  some  sulphur.  The  for- 
mation from  a  few  feet  of  the  surface  to  the  bottom  of  the  well  is 
stated  to  consist  of  alternate  layers  of  soft  and  hard  rock,  parts  of 
which  approach  clay  in  character.  Water  in  small  quantities  was 
found  at  35,  80,  and  145  feet,  and  in  smaller  amounts  between  200  and 
285  feet.  There  are  158  feet  of  6-inch  casing  in  the  well.  The  water 
rises  within  95  feet  of  the  surface.  The  well  will  not  furnish  more 
than  one  gallon  a  minute  and  is  regarded  as  a  failure,  as  the  well  is 
pumped  down  to  150  feet  in  a  half-hour  with  an  ordinary  hand  pump. 
The  water  rises  to  its  former  level  in  about  thirty  minutes.  It  cost 
about  $1,800. 
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Puerto  Principe, — A  number  of  wells  were  drilled  by  the  War 
Department  at  this  point.  The  first  one  of  importance  appears  to  have 
been  started  on  May  1,  1899.  It  is  located  on  the  grounds  on  which 
the  cavalry  barracks  were  situated  in  the  city  of  Puerto  Principe. 
and  its  mouth  has  an  elevation  of  337  feet  above  sea  level.  The 
ground  in  its  vicinity  is  practically  level.  During  the  first  3C>  feet 
the  well  passed  through  decomposed  granite,  but  from  30  feet  \k> 
the  bottom  it  was  drilled  through  hard  crystalline  rock  of  variou> 
colors  and  hardness.  The  first  water  of  consequence  was  struck  at 
95  feet,  and  rose  to  within  30  feet  of  the  surface.  The  boring  wa- 
continued,  however,  to  a  depth  of  264  feet  without  obtaining  any 
decided  increase  in  the  amount  of  water.  At  this  point  the  drill  wa> 
once  more  withdrawn  and  a  pumping  test  made  lasting  two  day>. 
Five  hundred  gallons  were  pumped  hourly  without  lowering  the 
working  head  of  the  water  more  than  a  few  feet.  It  was,  however, 
decided  to  push  the  well  to  a  greater  depth.  A  month  later,  when  the 
well  had  reached  a  depth  of  457  feet,  the  drill  was  again  withdrawn. 
and  the  well  was  tested  by  a  2-inch  pump  attached  to  the  walking-  beam 
of  the  well  rig  and  making  30  strokes  to  the  minute.  It  extended  !>► 
feet  down  the  well,  and  during  the  two  days  an  average  of  502  gallon^ 
of  water  an  hour  was  raised.  At  the  beginning  of  the  pumping  the 
water  stood  30  feet  from  the  surface,  but  fell  rapidl}"  during  the  tir^t 
hour,  at  the  end  of  which  it  stood  at  a  depth  of  43  feet  from  the  sur- 
face. During  the  continuance  of  the  pumping,  however,  doubtless  by 
reason  of  the  removal  of  silt  from  the  pores  of  the  adjacent  rock,  the 
water  slowly  rose  until,  at  the  end  of  the  fifth  hour,  it  had  reached  a 
level  of  41  feet  from  the  surface.  On  standing  over  night  the  water 
returned  to  its  original  level  of  30  feet,  but  during  the  first  hour's 
pumping  again  fell  to  a  level  of  41  feet  below  the  surface.  On  August 
30  the  drills  were  replaced  and  the  well  was  pushed  to  a  depth  of  474 
feet.  Previous  to  the  sinking  of  the  well,  the  supply  of  the  barrack^ 
had  been  obtained  by  hauling  water,  all  of  which  had  to  be  boiled, 
from  a  creek  3  miles  away.  The  test  of  the  well  proved  that  it  would 
supply  more  than  500  gallons  an  hour  without  lowering  the  water 
more  than  11  feet  from  its  normal  level,  and  it  was  estimated  that  from 
2,000  to  3,000  gallons  an  hour  could  be  obtained  without  lowering  the 
level  more  than  30  feet.  The  water  is  clear,  without  sediment,  and  i> 
sparkling  and  palatable.  An  analysis  of  water  made  at  the  Military 
Hospital  No.  1  at  Uabana  is  given  below: 

Aixalym  of  water  from  Puerto  Principe. 

Odor,  none;  taste,  faint  saline;  color,  no  color,  very  clear;  some  matter  in  en<|trr.- 

sion  composed  mainly  of  precipitated  salts. 

Parts  per 
1.000.000. 

Free  ammonia None- 
Albuminoid  ammonia None. 

Chlorine,  0.2 2 
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Parts  per 
1,000,000. 

Sulphuric  acid  as  sulphates 35 

Sulphureted  hydrogen None. 

Total  solids 305 

Phosphoric  acid : Trace. 

Silicic  acid  (silicates) 22 

Iron,  none;  other  metals  not  tested. 

Calcium ^ 69 

Magnesium,  pyrophosphates 105 

Potassium  and  sodium,  somewhat  in  excess. 

This  water  is  free  from  harmful  materials  and  is  suitable  for  all 
domestic  purposes. 

The  water  was  piped  to  the  barracks  and  furnished  a  satisfactory 
supply.  In  addition  a  considerable  amount  was  shipped  to  Nuevitas 
by  rail. 

A  second  well  was  begun  October  10  and  completed  December  15, 
1900.  Its  diameter  was  8  inches,  and  it  was  drilled  to  a  depth  of  202 
feet.  The  supply  proved  ample,  and  is  used  in  the  public  buildings  of 
the  vicinity.  The  water  stands  135  feet  below  the  surface.  Good 
water  was  found  above  200  feet,  but  the  deeper  waters  are  reported  to 
be  brackish.  Another  well  was  begun  in  the  market  place  December 
15,  1900.     Still  others  have  been  described  under  water  supplies. 

A  well  on  a  proposed  site  for  a  military  post,  presumably  near 
Puerto  Principe,  is  given  in  the  reports  of  the  War  Department.  It 
was  8  inches  in  diameter  and  510  feet  deep,  the  water  rising  to  within 
8  to  12  feet  of  the  surface.  The  supply  is  reported  to  be  of  excellent 
quality. 

Santiago. — The  army  officials  report  that  there  is  good  reason  to 
l>elieve  that  an  abundant  supply  of  water  can  be  obtained  from  artesian 
wells  along  the  south  coast  of  Cuba  at  this  point.  An  examination  of 
the  San  Juan  Valley  shows  a  gathering  ground  with  slight  run-off,  the 
remainder  reaching  the  sea  by  subterranean  drainage.  It  has  been 
proposed  to  intercept  this  by  tunnels.  Some  of  the  shallow  wells 
obtain  large  flows,  but  unless  carefully  located  are  liable  to  become 
contaminated  by  seepage  from  the  surface.  One  well,  14  feet  in 
depth,  is  reported  to  have  so  large  a  flow  that  it  could  not  be  kept 
down  by  a  pump  of  500  gallons  capacity. 

Trwcornia. — An  8-inch  well  sunk  at  this  point  to  a  depth  of  401  feet 
obtained  only  a  limited  supply  of  water  more  or  less  impregnated 
with  salt  and  unfit  for  general  use. 
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water  from  Illston  well,  near  Ithaca, 

N.  Y 59 

water  from  deep  well  at  Turners  Falls. 

Mass 80 

water  from  Lebanon  ( Mo. )  well 124 

water  from  Puerto  Principe,  Cuba  . . .  198-199 
water  of  Sand  springs  (Taconic  quad- 
rangle)        132 

water  of  Schooley  Mountain  spring, 

X.J 148 

water  of  springs  near  Cresson,  Pa 160-161 

well  waters  from  Triaaslc  rocks  of  Con- 
necticut   106-107 

Analyses,  gas:  water  of  Sand  springs  (Taco- 
nic quadrangle) 133 

Analyse^*,  sanitarj*:  water  from  Puerto  E*rin- 

cipe.  Cuba 198 

water  of  Fall  Creek,  N.  Y 135 

water  of  Sand  springs  (Taconic  quad- 
rangle)        133 

water  of  Sixmile  Creek,  at  Ithaca,  N.  Y.      136 

water  of  wells  at  Ithaca,  N.  Y 137-138 

Anterior  shales  and  trap  sheet,  correlation 

of 70 

Anterior  trap  sheet,  character  and  occur- 
rence of 71 

Arkansas,  northern,  horizons  of  springs  in, 

diagram  showing 182 

Ozark  region  of,  water  supply  of 179-182 

Armstrong  springs,  location  of 121 

Artesian  conditions,  diagrams  showing..  108, 109 

near  Ithaca,  N.Y 139 

Artesian  flow,  essential  conditions  of 108-109 

essential  conditions  of,  ideal  sections 

showing 108-109 

Artesian  water,  possibilities  of,  In  Accident 

and  Grantsville  quadrangles.  169-170 
Artesian  wells,  tables  for  determining  flow 

from 89-40,41 

near  Decaturville,  Mo.,  description  of .  122-123 

near  Ithaca,  N.  Y.,  description  of 58-64 

tSee  also  Wells,  artesian. 
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Ashley,  George  H.,  paper  by,  on  water  re- 
sources of  Middlesboro-Harlan 

region,  Ky 177-178 

summary  of  paper  by 15-16 

Atchley,  Truman,  cited  on  Bennett  spring. 

Mo 118 

Avonmere,  Pa.,  population  and  water  sup- 
ply of 165 

B. 

Bamesboro,  Pa.,  water  supply  of 162-163 

Bamesboro  quadrangle,    water   resources 

of 159-163 

Bear  ponds,  N .  J. ,  data  concerning 144 

Bellamar  caverns,  Cuba,  temperature  of  air 

in 194 

Bennett  spring.  Mo. ,  cross  section  of 118 

description  of 117-119 

Bellmore  road.  L.  I.,  curves  obtained  in 

underflow  measurements  on  . . .  28 

Berlin,  Conn.,  well  data  at 89 

Berlin  Junction,  Conn.,  well  data  at 89 

Beniardsville,  N.  J.,  water  supply  of,  source 

of 151 

Big  Blue  spring,  Mo.    See  Sweet  .spring. 

Black  rock  diabase,  character  and  occur- 
rence of 71 

Blackl^fs  Creek,  Pa.,  course  and  character 

of 164 

Bloomfleld,   Conn.,   well  at,   analyses  of 

water  from 106-107 

well  at,  data  concerning 81 

Blue  Ridge,  in  North  Carolina,  drainage 

features  of 174-175 

Blue  spring,  Ga.,  near  Quitman,  descrip- 
tion of 50 

results  of  experiment  at 52 

Blue  spring.  Mo.,  description  of 119 

Boone  limestone,  shale  bed  at  base  of,  ef- 
fect of,  on  circulation  of  ground 

water 1 81 

springs  related  to  shale  bed  at  base  of. .  181 

Boone  limestone  and  chert,  springs  related 

to,  in  northern  Arkansas 181 

Boonton,  N.  J.,  water  power  at 149 

water  supply  of,  source  and  quality  of .  151 

Boston,  Ga.,  well  at,  description  of 50 

well  at,  results  of  experiment  at 52 

Boston  escarpment,  position  of,  in  north- 
ern Arkansas 17^180 

springs  related  to  limestones  in 180 

Boston  Mountains,  Ark.,  geologic  forma- 
tions in 180-181 

Braddock  Run,  contamination  of  water  of.  172 

Brandon,  Vt. ,  frozen  well  near 127 

Breesport .  N.  Y. ,  deep  wells  near 136 

Brentwood  limestone,  effect  of,  on  topogra- 
phy of  northern  Arkansas 181 
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Bright  wood,  Mass.,  wells  at,  deecription  of.       77 
Brown,  Mrs.  H.  C,  acknowledgments  to . . .      184 
Bryce  spring,  Mo.    Su  Bennett  spring. 
Buckley,  £.  R.,  on  the  St.  Elizabeth  forma- 
tion       125 

Budd  LAke,  N.  J.,  data  concerning 144 

Burlington  escarpment,  height  of,  in  north- 
em  Arkansas 180 

Bnmside,  Conn.,  well  data  at 86-87 

C. 

California  or  "stovepipe"  method  of  well 

construction,  description  of 82^36 

See  alao  "  Stovepipe." 
Camden  County,  Mo.,  spring  system  of  De- 

caturville  dome  in 118-125 

Camp  Ground  spring,  description  of 121 

Carboniferous  sandstones,  water  supply  fur- 
nished by,  in   Froetburg  and 

Flintstone  quadrangles 173 

Cardenas,  Cuba,  water  .supply  of 190 

Carrolltown,  Pa.,  water  supply  of 182 

Castleman  River,  course  and  character  of  .      169 

Caves  in  Cuba,  description  of 194 

Cayuga  Lake,  tributaries  of,  grades  of  . . .  134-135 

Celt  springs.  Mo. ,  1  oeation  of 119 

Chamberlin,  T.  C,  on  essential  conditions 

of  artesian  flow 108 

Chambersburg,  Pa.,  water  supply  of 167 

Cbambersburg  quadrangle,  Pa.,   location 

and  drainage  of 156 

water  supply  of 156-157 

Chamot,  E.  M.,  acknowledgment  to 135 

.   analyses  (sanitary)  by 185, 136 

on  artesian  water  at  Ithaca,  N.  Y 56 

Chauncey,  Mo.,  well  data  at 123 

Chemical  analyses.    See  Analyses,  chem- 
ical. 
Cherry  Run,  Pa.,  water  power  furnished  by     165 

Chest  Creek,  Pa.,  length  of 159 

Chert  beds,  near  Decaturville,  Mo.,  charac- 
ter and  origin  of 124-125 

Chicopec  Falli?,  Mass.,  well  at,  description 

of 77 

Chieoi>ee   shale,    character  and  distribu- 
tion  71,98-99 

character  of  water  in 99 

depth  of  wells  in 99 

equivalents  of,  in  Connecticut 70 

water  supply  of 99 

Cienfuegos,  Cuba,  water  supply  of 190 

well  at,  record  of 196 

Circulation  of  underground    waters.    See 

Underflow. 
Clapp,  Frederick  G.,  paper  by,  on  water 
resources  of  Curwensville,  Pat- 
ton,  Ebensburg,  and  Barnesboro 

quadrangles,  Pa 159-163 

summary  of  paper  by 14 

Clearfield  Creek,  Pa.,  features  of 159 

Climate  of  New  Jersey  highlands,  data  con- 
cerning       142 

Climate  of  Cuba,  data  concerning 186 

Clinton,  N.  J.,  water  supply  of.  source  of . . .      151 

Clocks,  commutator,  description  of 30-31 

views  of 20, 28 
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Coal  Measures,   occurrence  of,    in    west- 
central,  Pa 16C» 

Coalport,  Pa.,  water  supply  of }*^Z 

Columbia  formation,  occurrence  of,   near 

Quitman,  Ga 47 

Commutator  clocks,  description  of ^^^-^\ 

views  of 30. 25 

Connecticut,  springs  in,  analyses  of  water 

from 106-KC 

wells  in  Triaasic  area  of,  analyses  of 

waters  from 106-:uT 

descriptions  of 80-9S,93-»i 

Connecticut  Valley,  drilled  wells  of  Trias- 

sic  area  of t*S-94 

glacial  and  recent  deposits  in 74 

Triassic  area  of,  circulation  of  under- 
ground waters  in ltt*-l«v 

faulting  in 71-73.U>4-1'«^ 

geology  of 67-75 

jointing  in ]08-lt4 

location  and  extent  of 6^ 

mapof &• 

sedimentar>'  rocks  of,  character  of.       r^^ 

structural  geology  of 101 -ic?, 

topography  of 66-r 

wells  in,  analj'ses  of  waters  from .  106-7<^ 

Triassic  rocks  of,  character  of fS 

correlation  of 70 

distribution  of & 

faulting  in 71-73, 104-1U> 

jointing  in 7S-74 

sources  of  water  in 96-101 

springs  in,  analyses  of  water  from .  106-107 

structure  section  of td 

succession  of »*:• 

water  supply  furnished  by 96-11:2 

Conococheague  Creek,  Pa.,  contamination 

of l?T 

water  supply  f urn ished  by 1=^7 

Contamination  of  water  supplies: 

Conococheague  Creek,  source  of i5T 

Barnesboro  and  Spangler,  Pa.,  di^<ni«^ 

sion  of lK2-l«sJ 

Fort  Ticonderoga  quad  rangle iss 

Frostburg      and      Flintstone      quad- 
rangles    172-173 

Geoiges  Creek,  source  of i& 

J  ennings  run 17J 

Morris  Canal l  \' 

North  Branch  Potomac  River,  source  of .      ir.* 
Quitman,  Ga.,  experiments  relating  to.  4>-^'>t 

Sixmile  Creek,  at  Ithaca,  N.  Y :•* 

Youghiogheny  River,  source  of iti? 

Cowee  quadrangle.  N.  C,  drainage  of 174-17? 

locationof I7i 

topographic  features  of 174 

water  resources  of 174-i7r 

Cranberry  Lake,  N.  J.,  data  concerning I44 

Crescent  Beach,  Conn.,  well  at,  anal3*?iis  of 

water  from 106-  nr 

Cresson  Station,  Pa.,  springs  near,  analyses* 

of is^ir^: 

water  supply  of i'  ^ 

Cromwell ,  Conn.,  well  data  at ?^ 

Crooked  Creek,  Pa.,  course  and  character 

of 164-1*.? 
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Cuba,  city  water  systenifl  of 187-193 

climatic  fefituresof 186 

drainage  features  of 185 

geography  and  topography  of 184 

geological  features  of 185 

hydrology   of,    paper    on,    by    M.    L. 

Fuller....: 18»-199 

mineral  springs  of 194-196 

springs  in,  character  of 198-194 

subterranean  streams  and  caves  In 194 

CulUisaja  River,  course  and  features  of. . .  174-175 

Cullen  spring,  Mo.,  description  of 120 

CurwensviUe,  Pa.,  water  supply  of 161, 162 

Ourwensville,  quadrangle,  Pa„  water  re- 

sourcesof 169-163 

D. 

Dale,  T.  Nelson,  paper  by,  on  water  re- 
sources   of    Fort    Ticonderoga 

quadrangle 126-129 

summary  of  paper  by 12-18 

Dallas  County,  Mo.,  Bennett  Spring  in,  de- 
scription of 117-119 

Dana,  J.  D.,  work  of,  in  Trlaasic  area  of  Con- 
necticut Valley,  reference  to. . .       67 
Davis,  W.  M.,  on  faults  in  the  Triasslc  area 

of  the  Connecticut  Valley 73 

on  the  Triasslc  area  of  the  Connecticut 

Valley 

on  Triasslc  formation  of  Connecticut  ..72,73 
work  of,  in  Triasslc  area  of  Connecticut 

Valley,  reference  to 67 

Deoaturville,  Mo.,  artesian  wells  near 122-128 

chert  beds  near,  character  and  origin 

of 124-125 

pegmatite  near,  character  and  occur- 
rence of  114-115 

prospect  work  near 114-115 

sinks  near,  description  of 122 

surface  waters  near 128 

Decaturville  dome,  Mo.,  geologic  forma- 
tions in 114-117 

ideal  section  through,  diagram 114 

periods  of  uplift  In 116-117 

rocks  of,  character  of 114-117 

sketch  map  showing  region  of 113 

spring  system  of,  description 113-125 

Deer  Park  springs,  Md. ,  location  of 169 

Denmark  Pond,  N.  J.,  data  concerning 144 

Direct- reading  meter.     See  Meter,  direct 

reading. 
Discharge  from  filled   pipes,  methods  of 

measuring 37-40 

Discharge  from  partly  filled  pipes,  methods 

of  measuring 41-42 

Dfschaxge  of  flowing  wells,  corrections  nec- 
essary in  accurate  determina- 
tions of 48-44 

methods  of  measurement  of 37-42 

Di»icharge  of  springs:  Bennett  spring,  Mo. .      117 

Blue  spring,  Mo 119 

Camp  Ground  spring,  Mo 121 

Celtsprings,  Mo 119 

Cullen  spring,  Mo 120 

Ella  (or  West)  spring.  Mo 121 


P»»«e. 
Discharge  of  springs— Continued. 

Hahatonka  (or  Gunter)  spring.  Mo 120 

Lizzie  (or  East)  spring.  Mo 122 

Moulder  spring.  Mo 120 

San  Diego  de  los  Bafiott,  Cuba 195 

Sandspring,  Mo 119 

Sand  springs,  Taconic  quadrangle 182 

Sweet  (or  Big  Blue)  spring.  Mo 119 

Wet  Glaize  springs,  Mo 121 

Discharge  of  wells: 

Cuba 196-199 

Ithaca.  N.  Y 189 

Triasslc  area  of  Connecticut  Valley 80-92, 

98-94 

Dixon  Pond,  N.  J.,  data  concerning 144 

Dorset  Mountain,  ice-water  brook  on 127 

Dover,  N.  J.,  water  supply  of,  source  of 151 

Durham  Pond,  X.  J.,  data  concerning 144 

Eakins,  L.  G.,  chemical  analysis  by 124 

Ebensburg,  Pa.,  water  supply  of 162 

Ebensburg  quadrangle,  Pa.,  elevations  In. .  159 

rocks  of,  character  of 160 

water  resources  of 159-168 

Elders  Ridge  quadrangle,  Pa.,  drainage  of.  164 

location  and  area  of 164 

topographic  features  of 164 

water  resources  of 164-165 

Elderton,  Pa.,  population  and  water  sup- 

plyof 166 

Electric  meter,  use  of,  in  measuring  direc- 
tion and  velocity  of  underflow, 

described 17-81 

Electrode  used  in  charging  test  wells,  view 

of 18 

Electrolytes,  spread    of,  from  wells,   dia- 
grams Illustrating 24-27 

Ella  (or  West)  spring.  Mo.,  description  of..  121 
Emerson,  B.  K.,  on  age  of  metamorphosed 
rocks  in  Franklin,  Hampden, 

and  Hampshire  counties 68 

on  the  Triasslc  of  Massachusetts 67 

subdivision  by,  of  Triasslc   rocks  in 

Massachusetts 70 

work  of,  in  Triasslc  area  of  ConAecticut 

Valley,  reference  to 67 

F. 

Fair  Haven ,  Conn. ,  well  data  at 92 

Fall   Creek,  N.  Y.,  sanitary    analysis  of 

water  of 185 

Faulting  in  Triasslc  rocks  of  the  Connecti- 
cut Valley,  description  of 71-73, 

104-105 

Fayettevllle,  Pa. ,  water  supply  of 1 57 

Flintstone  quadrangle  (Md.-W.  Va.)  drain- 
age of 171 

location  of 171 

spring  waters  of 172 

topography  of 171 

water  resources  of 171-178 

Flow  of  springs.    See  Discharge. 

Forge  Pond,  N.  J.,  data  concerning ....      144 

Fort  Loudon,  Pa.,  water  supply  of 157 
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Fort  Ticonderoga  qiiadraiifrle,  drainage  of.     127 

geology  of  water  supply  of 128 

location  of 126 

topographic  features  of 126-1*27 

water  powers  in 129 

water  resources  of 126-129 

Freeville  artesian  basin,  N.  Y.,  description 

of 57 

French  Broad  River,  course  and  features 

of 175 

Frostburg,  Md. ,  water  supply  of 173 

Frostburg  quadrangle  (Md.-W.  Va.)  drain- 
age of  171 

location  of 171 

spring  waters  of 172-178 

topographic  features  of 171 

water  resources  of 171-178 

Fuller,  M.  L.,  paper  by,  on  hydrology  of 

Cuba 183-199 

paper  by,  on  Triassic  rocks  of  the  Con- 
necticut Valley  as  a  source  of 

water  supply 95-112 

summaries  of  papers  by 12, 16 

G. 

Gale,  Hoyt  S.,  paper  by,  on  water  resources 
of  Cowee  and  Pisgah  quadran- 
gles, N.C 174-176 

summary  of  paper  by 15 

Gallitzln,  Pa.,  water  supply  of 162 

Gasconade  limestone,  character  and  occur- 
rence of 116 

correlation  of 116 

thickness  of,  near  Decaturville,  Mo 123 

Genth,  F.  A.,  analyses  by,  Cresson  Springs 

water 160-161 

Georges  Creek,  contamination  of 169, 172 

course  and  character  of 169 

Georgia,  well  contamination  at  Quitman  in, 

experiments  relating  to 46-54 

Getman, ,  acknowledgment  to 135 

Gibara,  Cuba,  well  data  at 197 

Giberga,  O.,  acknowledgments  to 183 

Glacial  and  recent  deposits  in  Connecticut 
Valley,  character  and  distribu- 
tion of 74 

Gladstone,  N.  J.,  water  supply  of.  source  of.  151 

Glastenbury  Mountain,  elevation  of 131 

G rampian,  Pa.,  water  supply  of 162 

Granby  tuff,  character  and  occurrence  of..  71 

Grantsville  quadrangle  (Md.),  drainage  of.  168 

location  ana  area  of 168 

springs  in 169 

topographic  features  of 168 

water  resources  of 168-170 

Green  Mountain  range,  rocks  of,  character 

of 129-130 

Green  Pond,  Morris  County,  N.  J.,  data  con- 
cerning   144 

Green  River,  water  power  furnished  by 131 

Greenbrier  limestone,  springs  in 169 

springs  on  contwct  between  Helderberg 

limestone  and 172 

Greenbrier-Mauch  Chunk  water  horizon, 
depth  of,  in  Frostburg  and  Flint- 
stone  quadrangles 173 


Greencastle,  Pa.,  water  supply  of 

Gregory,  H.  £.,  on  analyses  ol  waters  from 

Triassic  rocks  of  Connecticu t .   I c»^:  < 

Greylock  Mountain,  elevation  of 

Ground  water,  velocity  of  flow  of,  electric-it: 
method  of  determining,  diagraiii 

gho  w  i  ng :* 

See  also  Underflow. 

Guanajay ,  Cuba,  well  data  at 1 1^" 

Guantanamo,  Cuba,  water  suppl  y  of idtj 

Gunter  spring.    See  Hahatonka  spring. 


H. 


Habana,  Cuba,  water  supply  of K-l.»» 

Habana  Harbor,  springs  in,  occurrence  of . .      }  xi 

Habana  Province,  Cuba,  mineral  spring  in. 

description  of l^'- 

Hackettstown,  X.  J.,  water  supply  of.  .««ourre 

of II 

Hahatonka  spring,  cross  section  (ideal)  be- 
tween Lebanon,  Mo.,  and ill 

description  of i_v 

Hampton  diabase,  character  and    oecur^ 

rence  of t: 

correlation  of Z^j 

Hanging  Hills,  Conn.,  fault  separating  La- 
mentation Mountain  from ?i 

Hannibal  shales,  character  and  occurrence 

of i:^ 

Harlan-Middlesboro  region,    ^e  Middle$- 
boro-Harlan. 

Hartford,  Conn.,  well  data  at S2-H.S.  97-** 

wells  at,  analyses  of  water  from 1U6~]  .C 

Hastings,  Pa. ,  water  supply  of I'H 

Hayes,  C.  W.,  acknowledgments  to l \> 

Helderberg  limestone,  springs  on  contact 
between    Ori^kany    sandstone 

and ITS 

springs  on  contact  between  Greenbrier 

limestone  and itj 

Herrick  Mountain,  Vt.,  elevation  of :> 

High  Bridge,  N.  J.,  water  suppl}'  of,  source 

of IVi 

Highlands  of  New  Jersey.    See  New  Jersey 
highlands. 

Highwood,  Conn.,  spring  at,  anaI\>L«  of 

water  from Ki^-l  C 

Hitchcock,  E.  H.,  work  of,  in  Triassic  arva 

in  Massachusetts,  reference  to..      ^r 

Hodges,  H.  F.,  acknowledgments  to w 

Hollidaysbuig,  Pa. ,  water  supply  of h 

Holguiu,  Cuba,  well  data  at i*: 

Holyoke,  Mass.,  wells  at,  description  of 7> 

Hoi  yoke  diat>ase,  character  and  occurrence 

of r. 

correlation  of > 

Hoosic  River,  water  power  furnished  by . . .     K". 

Hopatcong,  Lake,  data  concerning i  ♦; 

Horizontal  pipes,  flow  from,  diagram  show- 
ing        ^ 

table  for  determimition  of  flow  from .  S^Mo.  41 

Horton,  Commissioner,  on  water  supply  for 

Ithaca,  N.  Y v 

Hydrology  of  Cuba,  notes  on :  v 
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Iccwftler  brookfl,  origin  of 127-128 

IllNton  well,  near  Ithaca,  N.  Y.,  chemical 

anal yplH  of  water  from fiQ 

description  of .W-59 

sanitary  analysis  of  water  from 137-188 

Iniitruments  for  measuriiig  velocity  and  di- 
rection of  underflow,  described 

andfigxtred 17-31 

Irvona,  Pa.,  water  supply  of 162 

Isle  of  Pines,  springs  on 196 

Ithaca.  N.  Y.,  artesian  conditions  near 139 

artesian  water  supply  (new)  at,  descrip- 
tion of 55-64 

Fall   Creek   at,  sanitary    analysis    of 

water  of 135 

Sixmile  Creek  at,  sanitary  analysis  of 

water  of 186 

temporary  supply  wells  at,  sections  of. .       62 

sketch  map  showing  location  of 60 

typhoid  epidemic  at,  cause  of 66-^ 

water  supply  of,  source  of 55 

wells  at,  description  of 58-61 

geoloiry  of  water  supply  of 61-62 

sanitary  analyses  of 137-188 

capacity  of 189 

Ithaca  artesian  basin,  N.  Y.,  description  of.  57-58 

wells  in 68-61 

records  of 62-64 

J. 

Jefferson,  Pa.,  population  and  water  sup- 

plyof 167 

Jefferson  City  limestone,  character  and  oc- 
currence of 116 

correlation  of 116 

Jennings  run,  contamination  of  water  of . .      1?2 

Joints  in  Triassic  rocks  of  Connecticut  Val- 
ley, description  of 78-74, 106-104 

K. 

Kensington,  Conn.,  well  data  at 88 

Kentucky,  southeastern,  Mfddlesboro-Har- 
lan  region  of,  water  resources 
of 177-178 

Kettle  holes.  In  New  Jersey  highlands,  oc- 
currence of 144 

Kinderhook  Creek,  water  power  furnished 

by 181 

Klskiminitas  River,  Pa.,  course  and  char- 
acter of 164 

L.. 

La.  Forge,  Laurence,  paper  by,  on  water  re- 
sources of  central  and  south- 
western highlands  of  New  Jer- 
sey   141-166 

summary  of  paper  by 13 

Labelle,  H.  F.,  acknowledgments  to 183 

Lafayette  clays,  occurrence  of,  near  Quit- 
man, Oa 47 

Lakes  and  ponds  of  New  Jersey  highlands, 

description 143-144 

of  Taconic  quadrangle,  use  of 131-132 
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Lamentation  Mountain.  Conn.,  fault  sepa- 
rating Hanging  Hills  from 72 

Ijcbanon,  Mo.,  cross  section  (Ideal)  between 

Hahatonka  spring  and 114 
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PRELIMINARY  REPORT  ON  THE  UNDERGROUND 

WATERS  OF  WASHINGTON. 


By  Henry  Landes. 


INTRODUCTION. 

This  report  contains  a  brief  account  of  the  water  resources  of  Wash- 
ington as  represented  by  municipal  supplies,  deep  wells,  and  springs. 
For  each  county  a  general  statement  is  made,  giving  the  location,  rain- 
fall, and  most  striking  features  of  topography  and  geology.  Following 
this  are  detailed  statements  which  give  data  concerning  the  municipal 
systems,  deep  wells,  and  springs,  and  which  have  been  secured  entirely 
by  correspondence.  The  blanks  sent  to  the  clerks  or  other  officials  of 
the  cities  and  towns  regarding  municipal  water  supplies  were  practi- 
cally all  filled  out  and  returned,  so  that  this  information  is  complete  to 
the  present  time.  The  blanks  for  the  deep  wells  were  not  returned  as 
generally  as  was  desired,  but  almost  every  section  of  the  State  where 
such  wells  occur  is  represented,  and  those  described  may  be  taken  as 
types  of  their  kind  in  each  county.  Springs  occur  so  very  generally 
throughout  the  State  that  only  a  small  fraction  of  them  may  be  said 
to  be  represented  in  the  blanks  filled  out  and  returned,  but,  as  in  the 
i^Lse  of  the  wells,  those  mentioned  are  typical  of  their  class,  and  it  is 
only  necessary  to  recall  that  the  number  given  in  every  county  may  be 
multiplied  many  times.  Every  effort  has  been  made  to  eliminate 
inaccuracies. 

No  general  statements  are  made  concerning  the  rainfall,  topography, 
and  geology  of  the  State  as  a  whole,  since  these  are  given  for  each 
county.  A  rainfall  map  is  included  in  order  to  show  at  a  glance  what 
the  precipitation  is  in  any  section,  also  the  contrasts  between  one  part 
of  the  State  and  another. 

ABAM8  COUNTY. 

General  statement. — Adams  County  lies  south  and  east  of  the  cen- 
tral part  of  the  State,  on  the  line  of  the  Northern  Pacific  Railway, 
between  Columbia  River  and  Spokane.  The  topography  is  that  of  a 
gently  sloping  plain,  descending  from  a  height  of  1,900  feet  in  the 
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northeast  corner  to  700  or  800  feet  in  the  southwestern  part  as 
Columbia  River  is  approached.  The  plain-like  character  of  the  sur- 
face is  modified  by  occasional  valleys  locally  known  as  "coulees/' 
The  drainage  is  to  the  south  and  the  southwest,  toward  Snake  and 
Columbia  rivers.  Cow  Creek  is  the  principal  stream;  the  other 
streams  as  a  rule  are  intermittent  and  are  active  only  in  the  late  winter 
and  spring  months. 

This  county  lies  within  the  dry  region  of  central  Washington,  where 
the  precipitation  is  light  and  is  confined  to  the  winter  and  spring 
months.  In  the  western  half  of  the  county  the  average  yearly  rainfall 
is  10  inches  or  a  little  less,  while  in  the  eastern  half  it  is  from  10  to  15 
inches.  There  is  a  regular  increase  in  the  amount  of  rainfall  with  the 
increase  in  elevation,  and  hence  the  precipitation  is  greater  in  the 
northeastern  part  of  the  county  than  in  the  southwestern  portion,  and 
there  is  more  rain  in  uplands  than  in  the  valleys. 

The  Columbia  River  lava,  or  basalt,  is  the  principal  rock  in  Adams 
County.  It  forms  the  bed  rock  everywhere  except  in  the  southwest 
corner,  where  the  Ellensburg  beds,  composed  of  sands  and  clays,  appear. 
As  a  rule  the  rocks  are  covered  with  a  thick  coating  of  soil,  the 
exceptions  being  the  valley  sides  and  occasionally  the  valley  bottoms. 
The  soil  is  fine  grained,  of  good  quality,  and  very  productive  when 
supplied  with  the  proper  amount  of  moisture.  Grazing  and  wheat 
raising  are  carried  on  very  successfully  in  nearly  all  parts  of  the 
county. 

Despite  the  small  rainfall,  there  is  little  or  no  difficulty  in  securii^ 
a  good  supply  of  water  for  domestic  purposes.  At  depths  of  from 
300  to  600  feet  wells  yield  large  quantities  of  good  water.  The 
water-bearing  strnta  are  usually  layers  of  very  porous  or  cellular 
basalt.  Wherever  such  layers  outcrop  along  the  border  of  a  valley, 
springs  are  commonly  found. 

Municipal  systems, — Ritzville  is  the  only  town  in  the  county  reported 
as  having  a  water-supply  system.  The  water  is  obtained  from  a  well 
having  a  depth  of  385  feet.  In  this  way  a  supply  of  good  water  is 
secured.  The  water  level  in  the  well  does  not  vary  during  the  day  or 
year  and  is  not  affected  by  pumping.  The  water  is  pumped  into  res- 
ervoirs and  is  distributed  by  gravity  throughout  the  town.  Besides 
serving  as  a  domestic  supply,  the  water  is  used  in  irrigating  the  lawns 
and  gardens. 

Deep  wells. — Besides  the  well  which  supplies  Ritzville,  another  deep 
well  has  been  drilled  at  the  same  place  by  the  Northern  Pacific  Railway 
Company.  This  well  has  a  diameter  of  8  inches  and  a  depth  of  355 
feet.  The  water  column  stands  at  a  height  of  about  240  feet.  There 
is  no  variation  in  the  water  level  during  the  day  or  year,  and  it  is 
affected  slightly  by  pumping.  It  is  used  by  the  railway  to  obtain 
water  for  locomotives. 
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At  Cunningbam  a  well  hss  been  drilled  by  Thomas  and  James 
O'Hair.  This  well  has  a  diameter  of  6  inches  and  a  depth  of  426  feet. 
The  water  column  stands  at  a  height  of  356  feet  and  remains  station- 
ary throughout  the  year.  This  well  was  drilled  at  a  cost  of  $1,066. 
A  wind  pump  was  erected  at  a  cost  of  $290.  The  above  wells  serve 
as  a  type  for  those  of  Adams  County. 

Springs. — ^As  a  type  of  the  springs  found  in  Adams  County,  the  one 
owned  by  G.  W.  Bassett,  near  Washtucna,  may  be  noted.  The  water 
issues  as  a  stream  from  the  honeycombed  or  porous  basalt,  and  varies 
but  little  in  quantity  during  the  year.  It  is  sufficient  to  supply  the 
town  of  Washtucna,  and  some  of  it  is  used  for  irrigating  purposes 
as  well.  The  water  is  soft,  carries  no  sediment,  and  has  no  unpleasant 
taste. 

Along  Cow  Creek,  a  tributary  of  Palouse  River,  in  the  eastern  part 
of  the  county,  there  are  a  number  of  good  springs. 

ASOTIN^  COUNTY. 

Oeneral  statement, — Asotin  County  lies  in  the  extreme  southeast 
comer  of  the  State.  It  is  in  the  main  a  plateau  region,  deeply  dissected 
by  canyons.  The  higher  parts  of  the  plateau  have  an  elevation  of 
about  5,000  feet  above  sea.  The  canyon  of  the  Snake,  along  the  east- 
ern and  a  part  of  the  northern  boundaries  of  the  county,  has  a  depth 
of  3,000  to  4,000  feet.  Leading  into  the  larger  canyon  from  the 
southwest  are  the  smaller  canyons  of  Grande  Ronde  River  and  Asotin 
Creek. 

The  average  rainfall  is  25  inches  and  is  sufficient  to  afford  an  ample 
Water  supply.  On  the  higher  parts  of  the  plateau  the  precipitation  is 
sufficient  to  produce  a  forest  growth  of  firs,  pines,  and  other  coniferous 
trees.  On  the  lower  parts  of  the  plateau  bunch  grass  grows  luxuriantly 
and  it  is  only  in  the  deep  valleys  that  irrigation  is  necessary. 

The  bed  rock  is  basalt,  except  in  occasional  instances  where  the 
streams  have  cut  through  the  lava  and  exposed  the  underlying  granites 
and  other  crystalline  rocks.  The  soil  is  very  thick  and,  since  it  is  of 
basaltic  origin,  is  of  good  quality. 

Only  in  the  valleys  has  the  county  been  settled  to  any  degree.  In 
the  deeper  valleys,  as  that  of  the  Snake,  irrigation  is  necessary  in 
order  to  produce  fruit,  vegetables,  and  other  products,  but  for  this 
purpose  there  is  an  ample  supply  of  water  at  hand.  Water  from 
Asotin  Creek  is  used  to  irrigate  a  large  area  of  flat  land  at  Clarkston, 
and  a  sagebrush  plain  has  been  converted  into  an  oasis  of  alfalfa 
meadows,  fruit  orchards,  and  vegetable  gardens.  In  the  gravels  and 
sands  of  the  valleys  good  water  may  be  had  from  wells  that  vary  in 
depth  from  20  to  50  feet. 

Murdcipal  systems. — Asotin,  the  county  seat,  is  situated  on  Snake 
River  at  the  mouth  of  Asotin  Creek.     The  water  supply  of  the  town 
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comes  primarily  from  Asotin  Creek,  but  some  dependence  is  placed  on 
wells  and  cisterns.  The  creek  rises  in  the  Blue  Mountains  and  carries;; 
pure,  clear  water  without  any  contamination.  Besides  serving-  as  a 
domestic  supply  the  water  is  used  for  the  irrigation  of  lawns  and  gar- 
dens. The  supply  is  sufficient  for  the  present  and  in  all  probability 
for  all  future  needs. 

Clarkston,  on  Snake  Uiver  opposite  Lewiston,  also  gets  its  supply 
of  water  from  Asotin  Creek.  The  water  is  carried  by  a  flume  16  miles 
in  length  to  a  point  on  the  hillside  immediately  above  the  town  and 
from  there  is  distributed  by  pipe  lines.  At  present  this  fornis  the  sole 
supply  for  the  town,  but  a  deep  well  is  being  bored  as  a  possible  addi- 
tional source  of  supply.  An  analysis  of  the  water  of  Asotin  Creek 
n\ade  by  Professor  Fulmer  at  Pullman  on  January  29,  1903,  showed 
6.18  grains  of  solid  matter  in  each  gallon  of  water.  The  solid  matter 
was  found  to  be  wholly  free  from  objectionable  qualities. 

Along  Snake  River^  especially  in  the  vicinity  of  Asotin,  are  a  number 
of  wells  which  range  in  depth  from  20  to  35  feet  The  water  is 
obtained  from  gravel  and  sand  and  is  of  good  quality.  This  water 
supply  is  intimately  connected  with  the  river,  as  the  water  in  the  wells 
and  in  the  river  is  always  at  the  same  level. 

CHEHAIilS  COUNTT. 

Oeneral  statement. — Chehalis  County  lies  on  the  western  border  of 
the  State,  fronting  the  Pacific  Ocean.  The  coast  line  here  is  irregular, 
the  most  marked  indentation  being  Grays  Harbor.  From  the  narrow 
belt  of  sand  dunes  along  the  coast  the  surface  rises  by  irregular  hilL$ 
until  the  low  mountains  of  the  Coast  Range  are  encountered  on  the 
eastern  border  of  the  county.  Chehalis  and  Queniult  rivers  flow  in 
broad  valleys  from  east  to  west  across  the  county.  The  region  between 
these  streams  is  drained  by  Humptulips  River,  which  flows  south- 
west and  empties  into  Grays  Harbor. 

Along  the  coast  the  yearly  rainfall  averages  about  90  inches,  but 
inland  it  decreases  gradually,  dropping  to  65  inches  at  the  extreme 
eastern  edge  of  the  county.  Practically  the  whole  county  is  covered 
with  a  luxuriant  growth  of  vegetation,  the  only  exceptions  being  the 
small  areas  of  out  wash  glacial  gravels,  commonly  known  as  ^'  prairies,'' 
where  but  few  trees  have  yet  begun  to  grow. 

The  rocks  of  Chehalis  County  as  far  as  known  are  of  Tertiary  age. 
Marine  Eocene  fossils  have  been  identified  at  Porter  and  £lma,  in  the 
eastern  part  of  the  county,  and  marine  Pliocene  fossils  have  been 
found  at  Granville,  at  the  mouth  of  Queniult  River.  The  Tertiary 
rocks  are  chiefly  clastic,  consisting  of  beds  of  clay,  sand,  and  gravel. 
Occasionally  they  contain  a  small  igneous  dike,  usually  of  basalt. 
Nearly  all  of  the  county  north  of  Grays  Harbor  and  Chehalis  River 
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has  been  glaciated,  and  the  glacial  till,  with  layers  of  sand  and  gravel, 
is  very  thick. 

The  very  heavy  rainfall  yields  an  abundant  supply  of  water  for 
every  purpose.  The  lakes  and  the  deep  porous  soil  are  great  storage 
reservoirs,  which  feed  the  streams  at  all  seasons  and  give  them  an 
even  flow.  The  only  contamination  is  due  to  the  decay  of  vegetal 
matter  in  the  streams  and  lakes.  In  the  glacial  sediments  and  in  the 
gravels  and  sands  of  the  river  valleys  excellent  water  may  be  had 
from  wells  of  moderate  depth.  It  is  not  likely  that  deep  wells  will 
ever  be  necessary  in  order  to  afford  a  supply  of  water  in  any  part  of 
the  county.  Since  the  sedimentary  rocks  above  mentioned  are  known 
to  be  folded,  it  is  possible  that  artesian  basins  have  been  formed,  within 
which  flowing  welk  may  be  secured  by  drilling. 

Municipal  systems, — Aberdeen,  at  the  head  of  Grays  Harbor,  gets 
its  supply  of  water  from  a  creek.  The  quantity  obtained  in  this  way 
is  hardly  sufficient  for  present  needs,  and  water  from  another  creek 
near  by  will  soon  be  used.  The  system  of  waterworks  used  is  that  of 
direct  pressure.  As  a  rule  the  wells  do  not  yield  good  water,  since 
in  digging  them  marine  deposits  of  mud  and  sand  are  penetrated. 

A  sanitary  analysis  of  the  Aberdeen  city  water  was  made  April  14, 
1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington,  with  the 
following  result: 

AnalyfM  of  water  from  city  well  ai  Aberdeen. 

[Puts  per  million.] 

Total  BoUds 75.69 

Volatile  solids 12.60 

Nonvolatile  solids 63.19 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 090 

Nitrogen  as  free  ammonia None. 

Nitrogen  as  albuminoid  ammonia 021 

Oxygen  consmned 966 

Chlorine 6.50 

The  water  supply  of  Cosmopolis  is  obtained  chiefly  from  wells,  but 
in  part  from  some  creeks  owned  by  the  Grays  Harbor  Commercial 
Company.  From  the  creeks  to  the  town  a  gravity  system  of  water- 
works has  been  installed.  The  water  is  soft,  of  good  quality,  and  is 
ample  for  present  needs  and  probably  for  all  future  demands. 

Hoquiam,  on  Grays  Harbor,  secures  its  water  supply  from  the 
headwaters  of  Ldttle  Hoquiam  River,  which  affords  a  supply  of  good 
water  sufficient  for  present  and  future  needs.  The  water  is  pumped 
into  a  reservoir  and  then  distributed  by  gravity.  Besides  serving  the 
domestic  demands  the  water  is  also  used  as  a  boiler  supply.  Practi- 
cally no  wells  are  used  in  the  city,  especially  in  that  part  which  is  sit- 
uated on  the  tide  flats. 

Montesano,  the  county  seat  of  Chehalis  County,  obtains  its  water 
supply  from  some  springs  north  of  the  city.    The  supply  is  suffi- 
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cient  for  the  present,  but  some  other  source  may  be  necessary  in 
the  future.  From  the  springs  the  water  flows  into  a  reservoir  and 
is  then  distributed  by  gravity.  The  water  is  of  good  quality  and 
there  are  no  sources  of  contamination.  In  Montesano  a  few  wells 
have  been  dug,  usually  about  85  feet  in  depth.  The  water-bearing 
stratum  is  gravel.  The  water  from  the  wells  is  good  and  may  be 
obtained  in  large  quantities.  The  water  level  varies  only  in  the  dry 
sununer  months,  when  it  falls  somewhat. 

Ocosta,  a  town  of  about  300  inhabitants,  on  the  southwest  shore  of 
Grays  Harbor,  obtains  a  town  supply  from  wells  and  springs.  The 
water  is  of  good  quality  and  ample  for  present  needs.  The  wells  have 
an  average  depth  of  50  feet  and  the  water  is  obtained  from  beds  of 
sand.  The  sand  is  overlain  by  clay,  so  that  there  is  no  contaniinatioD 
from  the  surface.  The  water  level  in  the  wells  is  somewhat  lower  in 
summer  than  in  winter. 

CHEI/AN  COITNTY. 

Oeneral  stateinent. — Ghelan  County  lies  a  little  north  of  the  center 
of  the  State,  and  extends  from  the  summit  of  the  Cascade  Mountains 
southeast  to  Columbia  River.  The  topography  is  very  rugged,  since 
it  includes  some  of  the  most  broken  parts  of  the  Cascades.  From  the 
northwestern  border  of  the  county,  which  has  an  altitude  of  7,000  to 
8,000  feet,  the  surface  slopes  southeastward  to  the  Columbia,  where  the 
elevation  is  only  about  700  feet  above  the  sea.  The  streams  flow  in 
deep  valleys  or  canyons,  and  the  divides  are  very  sharp  and  lined  with 
rows  of  peaks.  There  are  three  prominent  drainage  systems,  all  hav- 
ing northwest-southeast  courses.  Beginning  at  the  north  these  are 
Stehekin  River  and  Lake  Chelan,  Entiat  River,  and  Wenatchee  River. 

The  rocks  of  Chelan  County  are  mainly  granites,  gneisses,  schists, 
and  other  crystallines.  The  principal  exception  is  the  sandstone  of 
Eocene  age  in  the  southern  part  of  the  county.  The  sandstone  is  of 
lacustrine  origin  and  forms  a  belt  reaching  from  Wenatchee  to  Lieav- 
enworth  in  an  east-west  course  and  from  the  southern  border  of  the 
county  northward  for  about  30  miles. 

The  rainfall  is  greatest  along  the  extreme  western  border,  or  in  the 
region  of  the  highest  mountains,  where  it  is  from  40  to  60  inches  a 
year.  In  the  descent  eastward  it  decreases  rapidl}'  until  in  the  valley 
of  the  Columbia  it  averages  but  15  inches  yearly.  In  the  mountains 
much  of  the  precipitation  is  in  the  form  of  snow,  and  along  the  summit 
of  the  Cascades  are  many  glaciers.  The  snow-fed  mountain  streams 
carry  an  abundance  of  the  purest  water,  and  in  all  parts  of  the  county 
is  an  excellent  water  supply.  On  the  alluvial  fans  and  terraces  along 
Columbia  and  Wenatchee  rivers  large  tracts  are  now  under  successful 
irrigation,  the  water  being  supplied  by  the  mountain  streams. 
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Mfimicipal  syatenis. — ^The  town  of  Chelan  has  obtained  its  water  in 
part  from  springs  and  in  part  from  Lake  Chelan.  A  system  of  water- 
works is  now  being  installed  whereby  the  water  from  the  lake  will  be 
pumped  into  reservoirs  and  then  be  distributed  throughout  the  town 
by  gravity.  As  the  water  of  the  lake  comes  from  the  snow  fields  and 
streams  of  the  high  mountains,  and  is  not  contaminated,  it  is  exceed- 
ingly pure  and  healthful.  Besides  serving  as  a  domestic  supply,  a 
large  amount  of  water  will  be  used  for  irrigation  within  and  about 
the  town.  Repeated  efforts  have  been  made  to  obtain  water  from 
wells,  but  although  depths  of  100  feet  were  reached  no  successful 
wells  have  been  dug  on  the  town  site. 

Lakeside,  at  the  southern  end  of  Lake  Chelan  and  near  the  town  of 
Chelan,  has  in  the  past  depended  upon  wells  for  its  water  supply. 
Like  the  town  of  Chelan,  it  has  under  construction  a  system  of  water- 
works which  will  draw  the  supply  from  the  lake. 

Wenatchee,  the  county  seat  of  Chelan  County,  situated  on  Columbia 
River  at  the  mouth  of  the  Wenatchee,  obtains  its  supply  of  water 
from  a  creek  which  flows  out  from  the  Cascade  Mountains.  This  sup- 
ply is  sufficient  for  present  needs,  but  must  be  supplemented  by  some- 
thing better  in  the  future.  Besides  its  use  as  a  house  supply,  the 
water  is  extensively  used  for  irrigating  lawns,  gardens,  and  orchards. 
There  are  no  successful  wells  in  the  region  about  Wenatchee. 

Springs, — ^In  the  eastern  part  of  the  county  a  number  of  springs  are 
employed  for  domestic  supply  and  for  irrigation.  The  spring  owned 
by  George  Brisson,  which  may  be  regarded  as  a  typical  one,  issues 
as  a  stream  from  a  porous  basaltic  rock.  The  water  is  of  good  quality, 
carries  no  sediment,  remains  constant  for  the  most  part,  but  decreases 
somewhat  in  flow  in  the  autumn. 

CXAIiliAM  COUNTY. 

General  stateTtient. — Clallam  County  lies  in  the  extreme  north- 
west corner  of  the  State,  and  has  a  frontage  on  both  the  Pacific  Ocean 
and  the  Strait  of  Juan  de  Fuca.  It  includes  the  northern  half  of 
the  Olympic  Mountains,  the  highest  peak  of  which.  Mount  Olympus, 
stands  on  the  southern  border  of  the  county.  The  Olympics  are 
rugged,  deeply  dissected  mountains,  and  reach  outward  almost  to  the 
coast,  leaving  a  narrow  belt  of  hills  immediately  along  the  shore. 
This  belt  is  much  wider  along  the  Pacific  coast  than  along  the 
strait.  The  highest  mountain  p2aks  are  from  6,000  to  8,000  feet 
above  the  sea. 

The  greatest  rainfall  in  the  State  is  at  Cape  Flattery,  where  the  aver- 
age for  the  year  reaches  100  inches.  From  this  point  eastward 
the  precipitation  decreases  regularly,  until  at  the  eastern  border  of  the 
county  it  is  from  20  to  80  inches  per  year.     In  the  highest  mountains 
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much  of  the  precipitation  is  in  the  form  of  snow,  and  the  snow  fields 
and  glaciers  serve  as  reservoirs  from  which  the  streams  are  fed  during 
the  sunmier  months.  The  great  abundance  of  pure  mountain  water 
will  not  only  serve  as  an  ample  supply  for  all  municipal  and  domestic 
requirements,  but  will  afford  excellent  water  power.  All  parts  of  the 
county  except  the  highest  mountains  are  densely  forest  clad,  and  the 
forests  are  eminently  helpful  in  retarding  the  run-off  and  equalizing 
the  flow  of  the  streams  from  season  to  season. 

In  a  belt  varying  from  10  to  20  miles  in  width,  extending  alon^  both 
the  north  and  west  coasts,  the  rocks  are  of  Tertiary  age  and  represent 
marine  sediments.  Eocene  or  Oligocene  fossils  have  been  identified 
along  the  Strait  of  Juan  de  Fuca  between  Twin  River  and  Gettysburg, 
and  fossils  that  are  probably  of  upper  Miocene  age  have  been  found 
near  the  mouth  of  the  Quillayute  River  on  the  west  coast.  The  Ter- 
tiary rocks  are  all  sedimentary,  consisting  chiefly  of  conglomerates, 
sandstones,  and  shales.  Within  these  rocks  a  good  supply  of  water 
may  be  had  from  comparatively  shallow  wells. 

To  the  south  and  oast  of  the  belt  of  rocks  above  mentioned,  within 
the  higher  Olympics,  the  rocks  consist  of  schists,  slates,  and  other 
metamorphics,  with  great  intrusions  and  extrusions  of  igneous  rocks. 
The  age  of  these  rocks  and  their  relations  to  the  sedimentaries  above 
described  have  never  been  determined.  Along  the  northern  border 
of  the  county  the  glacial  sediments  are  commonly  very  heavy,  and 
from  these  it  is  usually  easy  to  secure  good  water  by  means  of  welk 
from  20  to  40  feet  in  depth.  There  are  many  large  lakes  within  the 
county,  such  as  Ozette  and  Crescent,  which  ai^e  reservoii-s  of  the  pur- 
est water.  Lake  Crescent  is  a  verj'^  deep  lake,  at  the  border  line  of 
the  high  mountains,  with  water  of  extraordinary  blueness  and  purity. 

Munixiipal  systems. — The  water  supply  of  Port  Angeles,  the  county 
seat  of  Clallam  County,  comes  in  part  from  wells,  but  in  the  main  is 
derived  from  Frazer  Creek,  which  is  a  small  stream  rising  in  the 
Olympic  foothills  back  of  the  town  and  flowing  through  the  town  site. 
About  one-half  of  the  water  of  the  stream  is  taken  out  in  pipes  and 
distributed  by  gi*avity.  As  the  water  is  often  subject  to  contamina- 
tion, and  is  of  insufficient  quantity  for  the  future,  it  affords  a  some- 
what unsatisfactory  supply.  A  plan  is  on  foot  to  secure  water  from 
Little  River,  which  is  within  6  miles  of  the  city.  This  stream  rL^e^ 
in  the  snow  fields  of  the  Olympic  Mountains  and  carries  a  large  volume 
of  excellent  water.  The  wells  that  have  been  dug  about  Port  Angeles 
vary  in  depth  from  12  to  40  feet.  The  water-bearing  sti*ata  of  sand 
and  gravel  are  overlain  by  clay,  which  prevents  contamination  fror 
the  surface.  The  water  level  is  lowered  somewhat  in  the  summer 
months,  but  for  domestic  uses  the  wells  are  never  exhausted. 

Port  Crescent,  located  on  the  Strait  of  Juan  de  Fuca,  a  few  mile? 
west  of  Port  Angeles,  secures  it«  water  supply  mainly  from  wells,  but 
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to  a  limited  extent  from  a  small  lake.  The  wells  range  in  depth  from 
16  to  20  feet.  Water  is  obtained  from  sandstone,  which  is  overlain 
by  a  thin  layer  of  soil.  The  water  rises  in  the  wells  to  within  a  few 
few  feet  of  the  surface,  and  the  level  is  scarcely  affected  by  pumping. 

CliARECB  COtTNTY. 

Oeneral  atdtemerd. — ^Clarke  County  is  situated  on  the  southwestern 
border  line  of  the  State,  having  Columbia  River  on  its  southern  and 
western  sides,  Cowlitz  County  on  the  north,  and  Skamania  County  on 
the  east.  From  a  low  plain  along  the  Columbia  the  surface  rises  grad- 
ually to  the  foothills  of  the  Cascades  until  the  northeastern  part  of  the 
county  is  reached,  which  presents  a  very  broken  appearance.  The 
principal  streams  are  the  North  and  South  forks  of  Lewis  River, 
Salmon  River,  and  Washougal  River. 

The  yearly  rainfall  of  Clarke  County  varies  in  passing  from  west  to 
east,  but  it  may  be  said  to  average  about  50  inches.  The  precipitation 
is  nearly  all  in  the  form  of  rain,  the  elevation  above  sea  not  being 
sufficient  to  produce  snow  to  any  marked  degree. 

The  bed  rock  is  mainly  basalt,  except  in  the  northeastern  portion  of 
the  county,  where  the  metamorphic  and  granitic  rocks  of  the  Cascades 
prevail.  The  weathered  basalt  affords  an  excellent  soil,  and  agricul- 
ture has  come  to  be  a  very  important  industry.  The  soil  has  formed 
to  such  a  depth  that  it  contains  a  good  water  supply,  and  surface  wells 
are  therefore  in  common  use.  Along  Columbia  River  are  broad 
gravel  terraces  from  which  large  quantities  of  water  are  obtained  by 
means  of  springs  and  wells.  The  springs  are  common  along  the  ter- 
race bases  and  often  yield  large  amounts  of  water.  The  wells  are 
from  25  to  75  feet  in  depth,  and  the  water-bearing  strata  are  usually 
overlain  by  clay,  so  that  surface  contamination  is  at  a  minimum. 

Municipal  systems. — Vancouver,  the  county  seat,  secures  its  water 
supply  from  8  springs  and  2  wells.  The  amount  thus  obtained  is  suffi- 
cient for  present  needs,  and  doubtless  will  be  ample  for  some  time  to 
come.  There  are  no  sources  of  contamination,  and  the  water  is  of 
excellent  quality.  A  gravity  system  of  waterworks  is  used.  The 
wells  about  Vancouver  range  in  depth  from  30  to  75  feet.  The  water 
is  found  in  a  stratum  of  coarse  gravel,  which  is  overlain  by  clay. 
It  rises  to  within  25  feet  of  the  surface,  and  very  little  change  in  the 
level  is  noted  from  season  to  season.  The  water  level  is  affected  only 
to  a  slight  degree  by  pumping.  Besides  its  use  for  domestic  purposes, 
the  water  system  is  drawn  upon  for  fire  protection,  boiler  supply,  etc. 
An  analysis  of  the  water  showed  the  total  solids  per  gallon  of  water  to 
be  10.05;  organic  matter  per  gallon,  0.60;  hardness,  11.30. 

Springs. — Five  miles  east  of  Vancouver  are  3  springs  owned  by  the 
Vancouver  Waterworks  Company.    The  water  flows  out  in  streams 
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from  a  bed  of  gravel  which  outcrops  upon  a  hillside.  The  flow  varie8 
slightly  at  different  times,  but  is  about  1,750,000  gallons  daily.  The 
water  is  soft,  has  a  pleasant  taste,  and  carries  no  sediment. 

COIiUMBIA   COUNTY. 

General  sIMement, — Columbia  County  lies  between  Wallawalla 
County,  on  the  west,  and  Garfield  County,  on  the  east,  and  reaches  from 
the  Oregon  line  northward  to  Snake  River.  The  southern  part  of  the 
county  lies  within  the  broad  plateau  of  the  Blue  Mountains,  and  has  a 
height  of  from  4,000  to  5,000  feet  above  the  sea.  The  northern  part 
is  a  region  of  high,  rolling  hills  and  deep  ravines.  Along  the  northern 
border  Snake  River  flows  in  a  canyon  that  has  a  depth  of  1,000  to 
1,500  feet. 

The  rainfall  varies  from  15  inches  a  year  along  Snake  River  to  25 
inches  in  the  central  and  southern  parts.  In  the  Blue  Mountains  it  is 
sufficient  to  produce  a  forest  covering.  In  the  northern  part  of  the 
county  the  bunch  grass  which  once  grew  so  luxuriantly  is  fast  giving 
way  to  wheat  fields.  .  In  agriculture  irrigation  is  necessary  only  along 
the  benches  or  terraces  of  the  Snake,  where  there  are  many  fine  fruit 
and  alfalfa  ranches. 

As  far  as  known,  there  are  no  other  rocks  in  the  county  save  basalt. 
Some  parts  of  the  basalt  are  very  vesicular  or  porous,  and  are  com- 
monly water  bearing.  In  digging  wells  an  ample  supply  of  good 
water  is  generally  found  within  50  feet  of  the  surface.  On  the  hill- 
sides, wherever  the  porous  basalt  outcrops,  springs  may  occur,  and 
they  are  in  common  use  as  domestic  water  supplies. 

Municipal  systetns. — Dayton,  the  principal  town  and  the  county 
seat  of  Columbia  County,  obtains  its  water  supply  from  springs. 
ThesQ  afford  a  supply  which  will  doubtless  be  ample  for  all  time  to 
come.  A  gravity  system  of  waterworks  is  used.  In  a  few  instanced: 
water  is  obtained  from  private  wells,  which  range  in  depth  from  25  to 
50  feet.  The  water  is  found  in  very  porous  layers  of  basalt.  In  the 
wells  the  water  level  varies  slightly  with  the  seasons,  but  is  not 
affected  to  any  appreciable  extent  by  pumping. 

Springs, — Near  Dayton  are  the  springs  from  which  the  city  water 
supply  is  derived.  The  water  seeps  out  from  beds  of  gravel  at  the 
base  of  a  hill.  The  amount  of  water  varies  considerably  with  the 
season,  the  flow  being  reduced  in  the  dry  sunomer  months.  The  water 
is  soft,  and  no  deposits  of  mineral  matter  or  sediments  are  found  about 
the  springs. 

COWLITZ  COUNTY. 

General  Htatetnetit. — Cowlitz  Countj-  is  situated  on  the  southwestern 
boundary  of  the  State,  north  of  Clarke  County  and  Columbia  River. 
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The  western  half  of  the  county  is  composed  of  low  irregular  hills  and 
broad  stream  valleys;  the  eastern  half  is  very  rough  and  broken,  since 
it  contains  the  foothills  and  outlying  spurs  of  the  Cascades.  The 
principal  streams  are  Cowlitz,  Toutle,  and  Ealama  rivers. 

The  annual  rainfall  varies  from  65  inches  on  the  western  margin  to 
60  inches  in  the  eastern  part.  Every  part  of  the  county  is  therefore 
well  watered  and  heavily  forested.  There  is  sufficient  water  in  the 
streams  to  supply  any  possible  municipal  demands.  On  the  terraces 
or  benches  of  the  larger  streams  good  water  is  secured  from  wells  at 
depths  between  15  and  50  feet. 

In  the  northern  and  western  parts  of  the  county  the  prevailing 
rocks  are  shales  and  sandstones  of  Eocene  age.  Along  Cowlitz  River 
these  rocks  are  coal  bearing,  and  in  the  neighborhood  of  Castle  Bock 
and  Kelso  coal  mines  have  been  in  operation  for  some  time.  The  soft 
coal  measures  have  readily  decomposed  at  the  surface,  and  upon  them 
is  a  residual  soil  many  feet  in  thickness.  From  the  soil  or  the  porous 
rock  below  water  in  large  quantities  is  readily  obtained  by  wells  of 
moderate  depth.  In  the  southeastern  part  of  the  county,  in  the 
vicinity  of  Kalama,  the  usual  rock  is  basalt,  and  from  it  water  is 
secured  in  wells  averaging  25  feet  in  depth. 

Municipal  systems. — Castle  Rock  obtains  its  water  supply  from  a 
stream  which  rises  in  the  foothills  east  of  the  town.  This  supply  is 
sufficient  for  the  present,  but  must  be  supplemented  in  the  future  by 
water  from  some  other  source.  The  water  is  brought  from  the  stream 
in  pipes  and  distributed  by  a  gravity  system.  The  wells  in  the  vicinity 
of  Castle  Rock  vary  in  depth  from  15  to  20  feet.  The  water-bearing 
material  is  gravel.  The  height  of  the  water  column  depends  upon  the 
stage  of  water  in  Cowlitz  River  near  by,  rising  and  falling  with  the 
river  level. 

Kalama  obtains  its  water  by  a  gravity  system  from  two  creeks. 
The  supply  will  doubtless  have  to  be  increased  in  the  future.  The 
water  is  very  good,  the  only  contamination  being  from  a  small  amount 
of  decaying  vegetation.  A  few  wells  are  used  about  Kalama,  having 
an  average  depth  of  25  feet.  They  are  sunk  in  basalt  and,  as  contam- 
ination may  be  entirely  prevented,  the  water  is  very  good. 

DOUGIiAS  COUNTY. 

General  statement. — Douglas  County  is  situated  immediately  east  of 
the  central  part  of  the  State,  within  what  is  commonly  known  as  the 
"  Big  Bend  "  of  the  Columbia.  Its  surface  is  that  of  a  plateau,  broken 
by  the  Badger  Mountains  in  the  western  part  and  by  the  Saddle 
Mountains  in  the  southern  part,  and  sloping  gently  from  north  to 
south.  Along  its  northern  margin  the  plateau  has  an  elevation  of 
about  3,000  feet  above  sea  level,  which  decreases  to  less  than  1,000 
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feet  along  the  southern  border  of  the  county.  Within  the  plateau  are 
three  notable  canyons  or  deep  clefts,  namely,  the  present  valley  of 
the  Columbia,  and  Moses  and  Grand  coulees,  the  latter  doubtless  rep- 
resenting a  former  course  of  Columbia  River.  Several  small  creeks 
which  enter  Moses  Coulee  sink  in  the  sand  and  do  not  form  a  main 
stream.  In  Grand  Coulee  is  a  chain  of  lakes,  the  largest  being  Blue 
and  Moses  lakes.  Some  of  the  lakes  are  fresh,  but  the  ma]orit\'  are 
alkaline. 

Douglas  County  lies  within  the  region  of  lowest  rainfall  in  the 
State.  In  the  northwestern  part  the  average  precipitation  for  the 
year  is  15  inches;  in  the  remainder  of  the  county  it  is  10  inches  or 
less.  The  precipitation  is  largely  in  the  form  of  snow,  especially 
where  the  elevation  is  greatest.  There  is  no  forest  growtJi,  and 
prairie  conditions  wholly  prevail.  In  the  highest  portions  of  the 
county  the  bunch  grass  grows  abundantly,  and  cattle  raising*  is  an 
important  industry.  Here  also  wheat  may  be  grown  successfully, 
and  it  has  already  come  to  be  an  important  product.  In  the  southern 
part  of  the  county,  where  the  rainfall  is  least,  irrigation  must  be 
practiced  in  order  to  carry  on  agriculture. 

The  bed  rock  is  practically  all  basalt  except  a  narrow  fringe  of 
granite  which  is  exposed  in  the  canyon  walls  of  the  Columbia,  and 
some  granite  outcrops  in  the  northern  end  of  Grand  Coulee.  A  small 
area  of  early  Tertiary  sandstone  underlies  the  basalt  along  Columbi:i 
River  opposite  Wenatchee,  and  late  Tertiary  lake  beds  covering  a 
considerable  area  of  the  basalt  in  the  southern  part  of  the  county 
should  also  be  noted.  From  the  basalt  a  very  thick  and  tine-gfrained 
soil  has  been  formed,  which  retains  water  to  an  unusual  degree.  In 
this  way  enough  water  is  held  within  the  soil  after  the  winter  precipi- 
tation to  grow  and  mature  the  wheat  during  the  coming  spring  and 
summer.  Within  the  soil  or  the  porous  portions  of  the  basalt  below 
it  is  usually  not  diflScult  to  secure  a  sufficient  supply  of  wat«r  for 
house  and  farm  purposes.  Springs  are  more  or  less  common  through- 
out the  county,  more  particularly  at  the  bases  of  the  cliflfs  along-  tht* 
Columbia  and  the  coulees.  Springs  are  largely  the  sources  of  the 
lakes  mentioned  above. 

Municipal  systems, — ^The  town  of  Wilsoncreek  depends  in  the  main 
u|x>n  wells  for  its  supply  of  water,  but  a  small  stream  is  also  ased  to 
some  extent.  The  supply  is  barely  sufficient  for  present  needs^  anc 
another  source  must  be  sought  in  the  future.  While  some  of  the  well* 
have  soft  water,  the  others  are  slightly  alkaline.  /They  range  in  depth 
from  12  to  64  feet.  The  more  shallow  wells  obtain  water  from  bei- 
of  gravel,  while  the  deeper  wells  enter  the  bed  rJek.  The  water  level 
in  the  wells  scarcely  varies  from  season  to  season  and  is  not  ordinarily 
affected  by  pumping.  / 
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Grand  Coulee,  which  has  a  northeast-southwest  direction  across  the 
county,  was  in  a  former  time  occupied  by  Columbia  River.  Along 
the  course  of  the  coulee  there  is  now  a  chain  of  shallow  lakes,  some  of 
which  are  fresh,  but  the  most  of  them  are  alkaline.  The  following 
descriptive  matter  concerning  two  of  them  is  taken  from  Vol.  I,  of 
the  Annual  Report,  Washington  Geological  Survey,  for  1901. 

Moees  Lake,  which  liee  about  12  miles  southeast  of  Ephrata,  on  the  Great 
Northern  Railway,  is  about  18  milee  long  and  a  mile  wide,  and  is  very  shallow. 
The  average  depth  is  approximately  20  feet.  It  lies  in  a  shallow  basin  with  low 
banks,  so  that  a  rise  of  but  a  few  feet  would  inundate  a  large  section  of  country. 
The  water  is  unfit  for  drinking  purposes,  but  is  not  strongly  alkaline  and  could 
probably  be  used  in  irrigation.  The  section  of  country  in  which  these  lakes  are 
located  is  of  course  very  dry,  and  supports  only  a  scanty  vegetation.  Where 
there  is  water,  however,  the  soil  is  very  fertile.  The  lake  drains  a  large  area 
through  upper  Crab  Creek.  It  has  no  outlet,  but  across  its  foot  lies  a  low  range  of 
sand  hills  through  which  the  water  seeps  into  the  sources  of  lower  Crab  Creek,  which 
occupies  the  bed  of  the  canyon  below.  Along  this  canyon  lie  nmnerous  shallow 
ponds  which  dry  up  in  summer.  The  deposits  left  by  these  are  not  of  any  consider- 
able value,  though  they  contain  an  appreciable  quantity  of  borax. 

An  interesting  feature  of  Moses  Lake  is  the  fact  that  it  is  gradually  rising,  having 
risen  about  10  feet  in  the  last  seven  years.  If  it  continues  to  rise  through  a  few  more 
feet  it  will  break  through  a  clear  course  into  lower  Crab  Creek  and  empty  into  the 
Columbia. 

The  analysis  of  the  water  of  Moses  Lake  is  as  follows.    The  analysis  is  by  H.  G. 

Knight: 

[PaitB  per  thousand.] 

Total  solids 0.32357 

VoUtile  solids 1 10096 

Nonvolatile  solids 22262 

Silica 01602 

Alumina  and  iron  oxide 00331 

Calcium  carbonate 06236 

Magnesium  carbonate 07526 

Sodimn  sulphate 01268 

Sodium  chloride 01896 

Sodium  carbonate 10914 

More  interesting  is  the  so-called  Soap  Lake,  or  Sanitarium  Lake,  situated  about  6 
miles  north  of  Ephrata.  This  lake  is  so  called  because  it  is  so  strongly  alkaline  as  to 
be  soapy  to  the  touch,  and  when  a  strong  wind  blows  across  it  the  water  along  the 
shore  is  beaten  into  great  rolls  of  foam.  Fish  can  not  live  in  the  water,  nor  is  there 
any  vegetation  in  this  as  in  Moses  Lake.  The  water  is  used  for  bathing,  but  to  those 
not  accustomed  to  its  use  the  water  has  a  slightly  caustic  or  irritating  effect.  It  is 
also  claimed  that  it  is  useful  medicinally.  There  is  much  of  peculiar  interest  about 
the  lake.  It  is  about  2i  by  three-fourths  miles  in  extent  and  is  very  deep  in  places 
and  probably  averages  about  40  feet.  It  drains  only  a  very  small  area  of  country 
and  has  neither  inlet  nor  outlet  in  the  form  of  streams.  It  is  located  in  a  deep  basin 
walled  to  the  height  of  100  feet  or  more  on  the  east  and  west  by  cliffs  of  black 
basalt.  The  land  to  the  north  and  south  rises  slowly;  on  the  south  to  nearly  the 
height  of  the  cliffs,  but  on  the  north  the  rise  is  so  slight  that  should  the  lake  rise 
16  feet  it  would  empty  into  the  next  of  the  chain  of  lakes  to  the  north.  The  source 
of  the  water  of  the  lake  is  said  to  be  a  spring  in  the  center.    The  Indians  of  the 
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neighborhood  asBert  that  only  a  few  years  since  the  lake  was  very  small  and  wss 
fed  by  this  strongly  alkaline  spring.  Fresh  water  is,  however,  continually  seeping 
in  from  the  shores,  as  is  shown  by  the  fact  that  fresh- water  wells  may  be  sunk  even 
but  a  few  feet  from  the  shore,  and  that  the  cattle,  disliking  the  strongly  alkaline  water, 
face  the  shore  to  obtain  the  sweeter  seepage. 
The  analysis  of  the  water  is  as  follows: 

[Farts  per  thousand.] 


Total  solids 28.2669 

Volatile  soUds 62503 

Nonvolatile  solids 27.64186 

Silica 12816 

Alumina  and  iron  oxide Trace. 

Galdum  sulphate Trace. 

Calcium  carbonate Trace. 

Magnesium  sulphate 39099 

Sodium  sulphate 6.34872 

Sodium  chloride 5. 81384 

Sodium  carbonate 14.08901 


Potassium  carbonate 511T7 

Lithium  sulphate Traiv 

Phosphorus  pentoxide 1201^ 

Carbon      dioxide      (semioom- 

bined) 1.370S4 

Borax None. 

Iodine None. 

Free  ammonia 0S4O) 

Albuminoid  ammonia 1.  lOtW 

The  specific  gravity 1.0260 
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PBANKIilN  COUNTY, 

General  stdtemerd. — Franklin  CJounty  lies  between  Wallawalla  County 
on  the  south  and  Adams  County  on  the  north,  with  Columbia  River 
as  its  western  boundary.  The  surface  is  that  of  a  plain,  sloping*  g^ntl v 
toward  Columbia  and  Snake  rivers.  In  the  northwest  comer  of  the 
county  the  plain  is  about  300  feet  above  the  surface  of  the  Columbia, 
giving  rise  to  the  cliffs  along  the  stream  known  as  the  White  Bluffs. 
In  the  eastern  part  of  the  county  the  plain  rises  to  a  height  of  34>'>  to 
400  feet  above  the  level  of  the  Snake.  Near  the  confluence  of  the  two 
rivers  the  plain  decreases  in  elevation  and  the  banks  of  the  streams  are 
but  a  few  feet  in  height. 

The  average  rainfall  is  about  10  inches  a  year.  This  will  not  admit 
of  any  forest  growth  and  scarcely  permits  of  the  growth  of  bunch 
grass.  Agriculture  may  be  carried  on  only  where  irrigation  is  pos 
sible.  Irrigated  tracts  along  the  rivers  yield  very  fine  returns  in 
alfalfa  and  fruit. 

In  the  western  part  of  Franklin  County  the  outcropping  rocks  arr 
thin  beds  of  sand  and  clay,  with  layers  of  volcanic  dust,  which  repre- 
sent Miocene  lacustrine  sediments.  Such  deposits  at  one  time  mar 
have  covered  the  entire  county,  but  in  the  eastern  portion  basalt  alone 
now  appears.  At  a  number  of  places  successful  wells  have  been  drilltH: 
in  the  basalt,  the  water  being  found  in  the  more  porous  or  vesicular 
parts  of  the  rock.  The  depth  of  the  wells  varies  from  about  200  t^* 
nearly  700  feet.  It  is  evident  that,  in  advance  of  drilling,  the  depth  at 
which  water  will  be  found  is  conjectural.  In  the  western  part  of  the 
county  a  well  is  now  being  drilled  in  the  sedimentary  rocks  noted 
above. 
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Deep  wells. — W.  T.  Braden,  living  at  Connell,  completed  a  deep 
well  in  September,  1902.  The  well  is  located  in  a  canyon,  and  its 
mouth  has  an  elevation  above  the  sea  of  840  feet.  It  has  a  diameter 
of  5  inches  and  a  depth  of  676  feet.  The  well  is  cased  from  the  surface 
to  solid  rock,  a  distance  of  100  feet.  The  water  rises  in  the  well  about 
^^  feet  and  is  brought  to  the  surface  by  a  wind  pump.  The  tempera- 
ture of  the  water  when  brought  to  the  well  mouth  is  51°  F.  The 
water  level  does  not  vary  during  the  day  or  year  and  is  not  affected 
by  piunping.  The  cost  of  the  well,  including  the  pumping  machinery, 
was  about  $3,000. 

There  are  several  firms  making  a  business  of  drilling  wells  in  Franklin 
County,  the  most  prominent  of  which  is  the  Reinbolt  Well  Drilling 
Company.  A  few  of  the  wells  drilled  by  this  company,  with  their 
depths,  are  here  given:  H.  W.  Brummond,  410  feet;  John  Finkbiner, 
485  feet;  John  L.  Wordheim,  212  feet;  Connell  Land  and  Improve- 
ment Company,  243  feet;  William  Fisch,  265  feet;  William  Elgin, 
323  feet;  Charles  Schelley,  487  feet. 

Springs. — A  number  of  springs  are  known  to  exist  in  the  eastern 
part  of  Franklin  County,  although  but  a  few  of  these  have  been 
reported.  These  springs  are  oftentimes  the  sources  of  supply  for 
small  lakes  which  have  no  outlets. 

JEFFERSON  COUNTY. 

Oeneral  statement. — Jefferson  County  is  situated  in  the  north- 
western part  of  the  State,  between  Clallam  County  on  the  north  and 
west  and  Chehalis  and  Mason  counties  on  the  south,  and  extends  from 
Puget  Sound  to  the  Pacific  Ocean.  Topographically  the  surface  pre- 
sents a  great  diversity.  The  county  contains  the  most  rugged  por- 
tions of  the  Olympic  Mountains,  the  only  areas  that  are  comparatively 
level  being  in  the  northeastern  part,  within  a  few  miles  of  the  shores 
of  Puget  Sound.  This  is  the  only  part  of  the  county  inhabited  to 
any  degree,  there  being  no  inhabitants  within  the  Olympics  and  but 
very  few  west  of  the  mountains  along  the  Pacific  coast. 

The  i*ainfall  along  the  western  coast  averages  over  85  inches  a  year. 
It  decreases  steadily  eastward  and  is  less  than  20  inches  in  the  vicinity 
of  Port  Townsend.  The  district  east  of  the  Olympics  has  a  low 
rainfall  because  the  high  mountains  divert  to  some  degree  the  rain- 
laden  westerly  winds.  Within  the  Olympics  are  several  glaciers  and 
snow  fields  which  feed  the  streams  during  the  rainless  months  of 
summer. 

The  band  of  Tertiary  rocks  which  encircles  the  Olympic  Mountains 
outcrops  in  both  the  eastern  and  the  western  parts  of  the  county. 
The  rock  series  is  composed  chiefly  of  conglomerates,  sandstones,  and 
shales,  and  without  doubt  contains  large  quantities  of  water  which 
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can  be  secured  by  means  of  wells.  The  bed  rock  just  mentioned  is 
often  deeply  buried  by  glacial  sediments, which  are  important  reservoirs. 
Municipal  systems, — Port  Townsend  obtains  its  water  supply  from 
driven  and  dug  wells  owned  by  the  Spring  Valley  Water  Company. 
From  these  wells  250,000  gallons  per  day  are  obtained  by  pumping. 
This  supply  is  hardly  sufficient  for  present  needs,  and  a  gravity  system 
from  some  stream  coming  out  of  the  Olympic  Mountains  is  in  contem- 
plation. The  water  in  use  at  present  is  of  good  quality.  The  wells  do 
not  enter  bed  rock,  the  water-bearing  materials  being  sand  and  gravel. 
A  heavy  bed  of  clay  which  lies  above  the  sand  and  gravel  prevents 
contamination.    An  analysis  of  the  Port  Townsend  water  is  given 

below: 

Aryalysis  ofwaierfrom  Port  Townsend^  Wash, 

[Gndns  per  gallon.] 

SUica 1.255 

Alumina  and  iron  oxide 14<> 

Calcium  carbonate 16. 731 

Magnesium  carbonate 6. 987 

Magnesium  chloride 11. 200 

Calcium  sulphate 1. 1S»> 

Sodium  and  potassium  chlorides 29. 2i6 

Sodium  and  potassium  carbonates 1. 531 

Total  solids 68.912 

Port  Ludlow  obtains  its  water  supply  from  a  small  creek.  The  water 
is  soft,  of  good  quality,  and  sufficient  for  all  probable  future  needs. 
A  grat^ity  system  of  waterworks  is  used.  The  water  is  drawn  upon 
for  a  boiler  supply  for  the  Port  Ludlow  mills  as  well  as  the  domestic 
supply  for  the  town. 

KING  COITNTr. 

General  statement. — King  County  is  situated  west  of  the  center  of 
the  State  and  extends  from  the  summit  of  the  Cascades  westward  to 
Puget  Sound.  It  lies  between  Snohomish  County  on  the  north  and 
Pierce  County  on  the  south.  Along  the  shores  of  the  sound  the  8ur> 
face  is  that  of  a  plain,  rising  to  a  height  of  about  300  feet  above  the 
sea;  east  of  the  plain  are  hills  and  ridges,  the  latter  having  in  general 
a  north-south  direction;  immediately  east  of  this  belt  are  the  moun- 
tains, rising  from  a  height  of  about  3,000  feet  along  their  western 
border  to  an  average  height  of  6,000  feet,  when  the  summit  line  is 
reached.  The  mountains  are  deeply  dissected  by  the  several  forks  of 
Snoqualmie,  Cedar,  Green,  White,  and  other  rivers. 

The  annual  rainfall  varies  from  40  inches  along  the  shores  of  the 
sound  to  more  than  60  inches  within  the  mountains.  About  the  sound 
practically  all  of  the  precipitation  is  in  the  form  of  rain,  but  with 
increase  in  elevation  the  snowfall  becomes  important,  and  in  the 
higher  mountains  the  amount  of  snow  falling  each  year  is  very  large. 
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The  presence  of  snow  and  glaciers  has  an  important  bearing  on  the 
run-off  of  the  streams  from  season  to  season.  Apart  from  its  value 
as  sources  of  municipal  supply,  the  movement  of  so  much  water  from 
higher  to  lower  levels  is  productive  of  great  power.  Already  the 
water  power  of  the  cataracts  and  falls  is  being  harnessed  for  the  use 
of  man.  At  Snoqualmie  Falls,  25  miles  east  of  Seattle,  a  plant  has 
been  installed  which  develops  a  total  of  10,000  horsepower.  Snoqual- 
mie River  at  this  point  has  a  vertical  drop  of  270  feet,  with  a  flow  of 
about  1,000  second-feet  during  the  driest  season  and  about  ten  times 
as  much  during  the  periods  of  high  water. 

The  strata  which  outcrop  about  the  sound  and  eastward  for  a  dis- 
tance of  about  25  miles  are  mainly  clastic  rocks  of  early  Tertiary  age. 
At  many  places  they  are  coal  bearing,  and  important  coal  mines  have 
been  developed  at  Black  Diamond,  Franklin,  Palmer,  Kenton,  New- 
castle, Issaquah,  and  elsewhere.  East  of  the  Tertiary  sediments  are 
the  metamorphic  and  igneous  rocks  of  the  Cascades,  which  in  King 
County  at  least  are  virtually  unstudied.  In  the  vicinity  of  the  sound 
bed  rock  outcrops  but  rarely,  being  covered  by  a  heavy  mantle  of 
glacial  sediments.  At  many  places  this  mantle  is  known  to  be  more 
than  500  feet  in  thickness.  The  glacial  sediments  comprise  beds  of 
till,  with  stratified  sand,  gravel,  and  clay.  From  the  layers  of  sand 
and  gravel  which  are  interstratified  with  the  till  an  abundant  supply 
of  good  water  is  generally  obtained.  The  wells  are  usually  shallow, 
it  being  rarely  necessary  to  go  deeper  than  40  feet.  Springs  are  very 
common  about  the  bases  of  the  hills  or  upon  the  hillsides  where  the 
water-bearing  gravels  and  sands  outcrop. 

Municipal  systems. — ^The  town  of  Auburn  obtains  its  water  supply 
chiefly  from  wells,  which  vary  in  depth  from  40  to  50  feet.  The  wells 
are  sunk  in  the  alluvium  of  the  White  River  Valley,  the  water-bearing 
materials  being  sand  and  gravel.  In  no  instance  has  bed  rock  been 
reached.  In  some  instances  shallow  wells  have  been  used  for  a  little 
time,  but  in  these  the  water  is  not  good.  The  water  from  the  deeper 
wells  is  soft,  is  not  contaminated,  and  is  obtained  in  ample  quantity, 
in  some  instances  rising  to  the  surface.  No  other  supply  of  water  for 
drinking  purposes  is  contemplated,  but  it  is  likely  that  water  for  fire 
protection  will  be  obtained  from  White  River. 

The  city  of  Ballard  obtains  about  300,000  gallons  of  water  daily 
from  springs  and  deep  wells,  about  half  from  each  source.  The 
wells  are  the  more  satisfactory.  While  this  amount  is  ample  for 
present  needs,  it  will  not  be  sufficient  in  the  course  of  time  if  the  city 
continues  its  rapid  growth.  It  is  very  likely  that  in  the  near  future 
the  supply  for  Ballard  will  be  secured  from  the  Cedar  River  system 
owned  by  the  city  of  Seattle.  The  surface  wells  in  Ballard  have 
depths  of  12  to  20  feet,  but  the  wells  used  for  the  municipal  supply 
average  about  160  feet  in  depth.     For  the  most  part  they  penetrate 
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glacial  till  or  hardpan,  the  water-bearing  strata  being  beds  of  sand  and 
gravel.    The  system  of  waterworks  is  direct  pressure. 

A  sanitary  analysis  of  water  from  one  of  the  deep  wells  in  Ballard^ 
made  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington,  is  as 
follows: 

Sanitary  analysis  of  water  from  deep  well  at  Ballard, 

[Parts  per  million.] 

Total  Bolidfl 165.66 

Oxygen  consumed 2. 89 

Chlorine 6. 50 

Nitrogen  aa  free  ammonia 874 

Nitrogen  as  albmninoid  ammonia 100 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 320 

The  municipal  supply  of  water  for  Columbia  City  is  obtained  from 
Seattle.  A  few  private  wells  are  in  use  having  an  average  depth  of 
30  feet.  They  penetrate  glacial  deposits  only  and  from  them  water 
of  good  quality  is  obtained. 

Water  for  the  town  of  Enumclaw  is  furnished  from  the  svstem  of 
the  White  River  Lumber  Company.  The  water  comes  from  streams 
flowing  out  from  the  Cascade  Mountains,  and  as  there  are  no  scarcer 
of  contamination  it  is  of  excellent  quality.  A  gravity  system  of 
waterworks  has  been  installed.  It  is  possible  that  in  the  future  the  town 
supply  may  be  taken  from  some  springs  located  about  4  miles  away. 
The  springs  are  at  a  height  of  about  270  feet  above  that  of  the  town. 
A  few  wells  are  in  use  about  Enumclaw,  which  have  an  average  depth 
of  30  feet.  The  wells  are  dug  in  glacial  sediments,  a  till  or  hardpan 
lying  above,  with  sand  and  gravel  below.  The  wells  afford  excellent 
water,  the  flow  rising  to  the  surface  in  the  wet  season. 

The  water  supply  for  Issaquah  is  furnished  by  the  Oilman  Water 
Company,  which  owns  large  springs  near  the  town.  The  water  is  of 
good  quality,  there  being  no  sources  of  contamination  except  possibly 
a  little  decaying  vegetable  matter.  The  water  is  conducted  through 
the  town  by  a  gravity  system.  The  few  private  wells  in  Issaquah 
range  in  depth  from  20  to  30  feet,  the  water  coming  from  a  stratum 
of  loose  gravel.  A  large  quantit^^  of  water  may  be  obtained  in  this 
way,  since  it  rises  almost  to  the  surface  and  is  not  affected  by  pumping. 
North  of  the  town,  toward  Lake  Sammamish,  wells  from  60  to  9<» 
feet  in  depth  have  been  driven,  from  which  there  is  a  continuous  flow. 
The  water  rises  from  3  to  10  feet  above  the  surface. 

The  town  of  Kent  gets  its  supply  from  springs  which  yield  water  of 
excellent  quality.  While  the  springs  now  drawn  upon  afford  a  supply 
for  present  needs,  the  product  of  other  springs  near  by  will  be  drawn 
upon  in  the  future.  From  the  springs  the  water  is  carried  through- 
out the  town  by  a  gravitj'  system.     In  the  region  about  Kent  good 
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water  may  be  obtained  by  means  of  driven  wells.  The  wells  when 
driven  to  a  depth  of  200  feet  are  artesian  in  character,  the  water 
rising  about  6  feet  above  the  surface. 

Water  for  Renton  is  obtained  from  a  spring  situated  near  the  town 
limits  and  at  a  height  of  320  feet  above  the  level  of  the  town.  The 
spring  belongs  to  the  Seattle  Electric  Company,  but  the  town  has  a 
lease  upon  it  for  fifty  years.  The  spring  supplies  120,000  gallons  of 
water  daily,  and  should  this  not  be  sufficient  for  future  needs  water 
may  be  obtained  from  other  springs  or  from  Cedar  River,  which  flows 
through  the  town.  The  water,  besides  being  used  for  domestic  pur- 
poses, affords  fire  protection  and  furnishes  the  necessary  boiler  supply 
for  a  coal  mine  and  a  brickj^ard.  The  private  wells  in  use  in  Renton 
are  mostly  shallow,  ranging  in  depth  from  10  to  25  feet.  Only  one 
enters  rock,  the  others  obtaining  water  chiefly  from  the  gravels  of  the 
Cedar  River  flood  plain. 

The  city  of  Seattle  obtains  its  supply  of  water  from  Cedar  River 
and  Cedar  Lake.  The  source  of  supply  is  in  the  Cascade  Mountains, 
the  water  coming  to  the  reservoir  directly  from  the  snow  fields.  The 
water  is,  therefore,  soft,  clear,  and  of  superior  quality.  The  city 
owns  Cedar  Lake  and  a  large  portion  of  Cedar  River.  The  available 
water  supply  averages  about  600,000,000  gallons  per  day.  There  are 
now  piped  to  the  city  22,500,000  gallons  daily.  Other  supply  mains 
will  be  constructed  whenever  they  are  found  to  be  necessary. 

A  sanitary  analysis  of  the  city  water  of  Seattle,  made  by  Prof. 
H.  G.  Byers,  of  the  University  of  Washington,  on  April  27,  1901, 
gave  the  following  results: 

Sanitary  arudyns  of  city  water  of  Seattle. 

[Parts  per  million.] 

Total  solidfl 36.49 

Oxygen  consumed 1. 26 

Chlorine 1.60 

Nitrogen  as  free  ammonia 008 

Nitrogen  as  albuminoid  ammonia Trace. 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates None. 

West  Seattle  obtains  water  from  private  wells  and  from  some  springs 
owned  by  the  West  Seattle  Land  and  Improvement  Company.  The 
water  is  pumped  into  tanks,  from  which  it  is  distributed  by  gravity. 
The  supply  even  at  the  present  time  can  hardly  be  said  to  be  sufficient, 
and  it  is  likely  that  arrangements  will  soon  be  made  whereby  water 
may  be  obtained  from  the  Seattle  system.  The  wells  about  West 
Seattle  range  in  depth  from  30  to  75  feet,  water  being  most  commonly 
found  at  about  50  feet.  The  wells  are  dug  entirely  in  glacial  material, 
mostly  sand  and  gravel. 
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Springs, — Near  the  town  of  Berlin,  in  the  northeastern  part  of  the 
county,  there  is  a  mineral  spring  owned  by  the  Everett  Bottling 
Works.  The  water  flows  out  as  a  stream  from  the  base  of  a  mountain 
of  granitic  rock.  The  flow  is  uniform  from  season  to  season.  The 
quantity  flowing  has  never  been  measured.  The  water  has  a  taste  of 
soda.  No  improvements  of  any  character  have  been  miade  at  the 
spring,  and  so  far  no  use  has  been  made  of  the  water.  It  is  probable 
that  in  the  near  future  a  hotel  will  be  built  at  the  spring  and  other 
improvements  made. 

An  analysis  of  water  from  the  Berlin  springs,  made  by  H.  G.  Knight, 
of  the  University  of  Washington,  is  as  follows: 

Ancdymx  of  water  from  Berlin  gprings. 

[Parts  per  thousand.] 

Solids,  nonvolatile 0. 5473 

Silica 0078 

Alumina  and  iron  oxide 0150 

Caiciom  sulphate 0629 

Calcium  carbonate 5627 

Magnesium  chloride 1093 

Magnesium  sulphate 0935 

Sodium  sulphate 9331 

Potassium  chloride 0267 

Carbon  dioxide 1. 4720 

Near  the  town  of  Issaquah,  at  the  head  of  a  short,  deep  valley,  L?  a 
large  spring  from  which  the  water  supply  for  the  town  of  Issaquah  is 
taken.  The  flow  has  not  been  measured,  but  there  is  sufficient  water 
for  a  town  of  1,000  inhabitants.  The  water  is  verj"  clear,  cold,  and 
has  a  pleasant  taste.  It  issues  as  a  stream  from  a  bed  of  gravel. 
No  improvements  have  been  made  at  the  spring,  and  none  are  con- 
templated.   The  spring  is  owned  by  the  Oilman  Water  Company. 

Along  the  valley  side,  at  the  base  of  a  steep  hill  near  Kent,  is  a 
large  spring  from  which  the  town  supply  of  water  is  largely  taken. 
The  daily  flow  varies  from  500,000  gallons  in  winter  to  350,000  gallons 
in  summer.  The  water  is  not  appreciably  charged  with  minerals,  and 
is  very  clear  and  cold  when  it  leaves  the  spring.  It  issues  as  a  stream 
from  a  bed  of  gravel  which  is  a  part  of  the  glacial  sediments.  At  the 
spring  a  reservoir  is  now  being  built  for  storage  puiposes. 

The  Great  Northern  Hot  Springs  are  located  near  Madison,  in  the 
northeast  corner  of  the  county.  Near  the  Great  Northern  Railway, 
a  mile  from  the  springs,  the  Hot  Springs  Hotel  has  been  built,  with 
accommodations  for  50  guests.  The  water  is  piped  to  the  hotel,  where 
it  is  used  for  drinking  purposes  and  for  liaths.  The  water  has  been 
found  to  be  very  helpful  for  rheumatism  and  for  kidney  diseases. 
The  water  seeps  out  from  the  talus  rock,  and  has  a  temperature  of 
122^  F. 
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The  following  analysis  of  water  from  the  Great  Northern  Hot 
Springs  was  made  by  C.  Osseward,  chemist  for  the  Stewart  &  Holmes 
Drug  Company,  Seattle: 

Analysis  of  water  from  the  Great  Northern  Hot  Springs, 

[(TrainR  per  gallon.] 

Total  solids 9.9 

Chlorine 87 

Iron 76 

Lime - 2.33 

Magnesia 1.1 

Silica 1.34 

Sodium 1.63 

Potassinm 34 

Sulphuric  anhydride 52 

Ammonia 00068 

On  a  hillside  near  Renton  there  is  a  spring  issuing  from  a  bed  of 
gravel.  The  flow  is  about  120,000  gallons  daily.  The  quantity  varies 
with  the  season,  being  about  one-fourth  less  in  a  very  dr}'^  season  than 
in  a  wet  one.  The  water  does  not  carry  any  sediment,  is  very  clear, 
and  has  a  pleasant  taste.     It  is  used  as  a  town  supply  by  Renton. 

KITSAP  COUNTT. 

General  statement. — Kitsap  County  is  situated  east  of  Jefferson  and 
Mason  counties,  west  of  King  County,  and  north  of  Pierce  County. 
It  is  almost  surrounded  by  the  arms  or  inlets  of  Paget  Sound.  With 
the  exception  of  a  range  of  hills  in  the  southwestern  part  of  the  county, 
along  Hood  Canal,  the  surfaca  is  that  of  a  plain  lying  but  little  above 
the  sea.  The  coast  line  is  very  deeply  indented  and  irregular,  abound- 
ing in  fine  bays  and  harbors. 

The  rainfall  gradually  decreases  from  60  inches  per  year  in  the 
southwestern  part  to  30  inches  in  the  northeastern  part.  It  is  suflS- 
cient  to  give  rise  to  the  very  many  small  streams  which  are  to  be 
found  throughout  the  county  and  also  to  produce  a  very  dense  forest 
growth. 

Over  the  major  portion  of  Kitsap  County  the  mantle  of  glacial  sedi- 
ments is  very  heavy,  so  that  the  bed  rock  does  not  often  appear  at  the 
surface.  The  wells  for  the  most  part  penetrate  the  glacial  materials 
only,  and  from  the  latter  a  satisfactory  supply  of  good  water  is  obtained. 
As  elsewhere  within  the  glaciated  area,  springs  are  very  common  and 
are  often  utilized. 

Municipal  systems. — Bremerton  obtains  its  water  supply  to  a  limited 
degree  from  wells,  but  for  the  most  part  from  a  stream  which  is  fed 
by  springs.  In  this  way  is  obtained  a  supply  of  very  good  water, 
which  is  free  from  any  contamination.     The  quantity  will  be  ample 
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for  a  long  time  to  come.  Gravity  is  the  system  employed.  The  pri- 
vate wells,  as  a  rule,  are  shallow  and  are  sunk  altogether  in  glacial 
till,  the  water  flowing  from  intercalated  beds  of  sand  and  gravel. 

An  analysis  of  water  from  a  spring  near  Bremerton,  made  by  H.  G. 
Knight,  of  the  University  of  Washington,  is  as  follows: 

Analysis  of  wxUer  from  spring  near  Bretnerton, 

[Parte  per  thousand.] 

Nonvolatile  solids 0.45iai 

Silica 013:U 

Alumina  and  iron  oxides 04764 

Calcium  sulphate '. a463Sn 

Magnesium  chloride O4O0K 

Magnesium  sulphate 07790 

Sodium  sulphate 23686 

Lithium  sulphate 0212S 

The  source  of  supply  for  Charleston  is  found  in  some  springs  and 
creeks  west  and  south  of  the  town.  From  these  the  water  is  carried 
to  the  town  in  wooden  pipes.  It  is  of  good  quality,  and  a  quantity 
ample  for  present  and  future  needs  is  easily  obtained.  The  private 
wells  about  Charleston  range  in  depth  from  20  to  150  feet.  These 
wells  have  been  put  down  in  glacial  sediments  and  the  water  level 
rises  and  falls  with  the  tide  in  the  inlet  near  by. 

The  water  supply  for  Port  Blakeley  comes  primarily  from  a  stream 
in  the  adjoining  hills.  A  reservoir  has  been  made,  and  from  this,  by 
means  of  gravity,  the  water  is  conducted  to  the  town.  There  is  a  cer- 
tain amount  of  decaying  vegetable  matter  in  the  reservoir,  and  this 
causes  some  contamination  of  the  water;  otherwise  the  water  is  good, 
and  sufficient  in  quantity  to  serve  the  town  probably  for  a  long  time 
in  the  future.  Besides  this  method  of  obtaining  water,  cisterns  and 
wells  are  used  to  a  small  degree.  These  wells  have  a  depth  ordinarily 
of  about  70  feet.  Most  of  them  are  wholly  in  the  glacial  till,  but  some 
of  them  penetrate  rock  altogether,  the  water-bearing  stratum  in  the 
latter  case  being  a  conglomerate. 

Some  small  streams  near  Port  Gamble  are  drawn  upon  for  the  water 
supply  of  that  town.  From  reservoirs  albng  these  streams  the  water 
is  distributed  to  the  town  by  a  gravity  system.  About  150,000  gal- 
lons of  water  are  obtained  daily,  an  amount  sufficient  for  the  present 
and  the  future.  The  water  is  soft  and  of  good  quality,  no  sources  of 
contamination  being  present.  Besides  its  use  for  domestic  purpose^, 
it  is  employed  to  a  large  extent  as  a  boiler  supply. 

KITTITAS  COUNTY. 

Oeneral  statefinent, — Kittitas  County  lies  near  the  center  of  the 
State,  between  Chelan  County  on  the  north  and  Yakima  County  on 
the  south,  and  extends  from  the  summit  of  the  Cascades  eastward  to 
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Columbia  River.  From  the  Cascade  divide,  which  has  a  general 
height  of  about  6,000  feet  above  the  sea,  the  country  descends  south- 
eastward to  a  minimum  elevation  of  600  feet.  In  the  northwestern 
part  of  the  county  the  surface  exhibits  the  usual  ruggedness  of  the 
higher  and  wilder  parts  of  the  Cascades.  The  highest  peak  here, 
Mount  Stuart,  has  an  elevation  of  9,470  feet. 

The  rainfall  in  Kittitas  County  varies  widely  because  of  the  great 
difference  in  elevation  from  point  to  point.  In  the  high  mountains 
the  precipitation  is  from  50  to  60  inches  a  year.  It  decreases  east- 
ward until  it  becomes  less  than  15  inches  at  £llensburg  and  less  than 
10  inches  in  the  vicinity  of  Columbia  River.  Naturally,  the  charac- 
ter of  the  vegetation  is  greatly  modified  by  the  wide  variation  in  the 
amount  of  rainfall.  The  higher  mountains  as  a  rule  are  heavily  for- 
ested, while  the  plateaus  are  sparsely  covered  with  trees.  In  lower 
altitudes  the  trees  give  way  to  the  bunch  grass,  which  is  in  turn 
superseded  by  sagebrush  on  the  still  lower  levels.  The  abundant 
rainfall  of  the  mountains  gives  rise  to  many  fine  streams,  which  afford 
water  alike  for  the  use  of  cities  on  the  plains  below  and  for  the  irri- 
gation of  orchards  and  alfalfa  fields. 

The  southeastern  part  of  the  county  is  largely  covered  by  Miocene 
basalts.  In  the  neighborhood  of  £llensburg  are  remnants  of  a  sand- 
stone formation  which  represents  the  sediments  of  a  middle  Tertiary 
lake  of  unknown  extent.  The  geology  is  somewhat  complex,  as  both 
sedimentary  and  volcanic  rocks  of  Eocene  and  Miocene  age  are  found. 
The  sedimentary  beds  are  lacustrine,  and  consist  chiefly  of  sandstone 
and  shale.  In  one  of  the  Ik)cene  sedimentary  formations  round  about 
the  towns  of  Roslyn  and  Clealum,  seams  of  coal  of  great  economic 
value  have  been  found,  and  here  are  the  largest  coal  mines  in  the 
State.  In  the  vicinity  of  Mount  Stuart,  near  the  southern  border  line 
of  the  county,  there  are  large  areas  of  pre-Tertiary  rocks  of  a  complex 
nature  geologically,  in  which  there  are  granites,  granodiorites,  ser- 
pentines, slates,  and  schists. 

Municipal  systems, — ^The  water  supply  for  Clealum  comes  from 
mountain  springs  about  3  miles  southwest  of  town.  The  springs  are 
180  feet  above  the  town,  thus  giving  a  good  head  and  making  it  easy 
to  distribute  the  water  throughout  the  town  by  a  gravity  system. 
For  the  first  mile  from  the  springs  a  10-inch  pipe  was  laid,  for  the 
next  mile  an  8-inch  pipe,  and  for  the  third  mile  a  6-inch  pipe.  The 
water  pressure  in  the  town  is  from  90  to  100  pounds  per  square  inch. 
The  amount  of  water  obtained  is  believed  to  be  ample  for  a  city  of 
20,000  inhabitants.  Should  this  supply  ever  fail,  water  in  great  abun- 
dance may  be  obtained  from  Yakima  River,  a  clear  mountain  stream 
which  flows  through  a  part  of  the  town.  Clealum  owns  160  acres  of 
land  about  the  springs,,  thus  effectually  preventing  contamination. 
Some  time  ago  an  effort  was  made  to  obtain  artesian  water.    A  well 
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was  drilled  in  Clealum  to  a  depth  of  800  feet  without  striking  watei. 
The  water  supply  of  the  town  is  used  for  irrigating  as  well  as  domestic 
purposes. 

Ellensburg  obtains  water  from  streams  which  flow  out  from  the 
foothills  of  the  Cascades.  The  water  obtained  in  this  way^  however, 
is  not  of  the  best  quality  and  is  barely  sufficient  for  present  need<. 
An  unusual  demand  is  made  upon  the  supply,  for  a  large  amount 
of  water  is  used  for  irrigation  as  well  as  for  domestic  purposes. 
The  private  wells  which  are  in  use  i*ange  in  depth  from  10  to  20  feet 
They  are  essentially  surface  wells,  not  entering  the  rock  at  all,  but 
obtaining  water  from  beds  of  gravel.  The  well  water,  as  a  rule,  i^ 
hard  and  contains  alkali.  The  water  level  in  the  wells  varies,  the 
water  rising  to  the  surface  when  the  soil  is  thoroughly  saturated  as  the 
result  of  excessive  irrigation. 

For  its  town  supply  Roslyn  obtains  water  from  Clealum  River,  a 
mountain  stream  yielding  water  of  excellent  quality.  This  supply  is 
so  satisfactory  that  no  dependence  is  placed  upon  wells,  cisterns^  or 
other  sources. 

KlilCKITAT  COITNTT. 

Oeneral  stdtement, — Klickitat  County  is  situated  on  the  southern 
border  of  the  State,  with  Columbia  River  on  the  south,  Yakima  County 
on  the  north,  and  Skamania  County  on  the  west.  The  western  part 
of  the  county  is  within  the  Cascades,  and  is  therefore  very  rugged. 
The  topography  of  the  central  part  is  that  of  a  broad  plateau  sloping 
from  the  north  toward  Columbia  River.  The  topography  of  the  east- 
ern end  of  the  county  is  that  of  a  plain  rising  but  little  above  the  level 
of  the  river. 

In  the  western  portion  of  the  county  the  annual  rainfall  is  from  /^O 
to  36  inches,  in  the  vicinity  of  Goldendale  it  is  15  or  20  inches,  wh-le 
in  the  eastern  end  of  the  count}^  it  is  only  about  10  inches.  As  a  gou^^- 
quence  of  the  unequal  distribution  of  rainfall,  the  western  portion  of 
the  county  is  a  region  of  forests  and  streams;  the  central  part  has  a  very 
sparse  forest  growth  and  few  streams,  but  at  the  same  time  is  one  of 
the  best  wheat-growing  districts  in  the  State;  and  the  eastern  part 
is  treeless  and  virtually  without  streams,  so  that  agriculture  can  be 
carried  on  only  by  means  of  irrigation. 

With  the  possible  exception  of  the  extreme  western  end,  all  of  the 
county  may  be  said  to  be  covered  by  Columbia  River  lava.  The  bed 
rock  is  basalt.  As  far  as  known,  no  deep' wells  have  been  drilled  into 
it,  as  in  other  parts  of  the  State,  to  determine  whether  or  not  it  i> 
water  bearing.  That  it  is  water  bearing  is  largely  proved  by  the  fact 
that  in  a  number  of  places  springs  issue  from  the  outcrops  of  poroa> 
basaltic  rock.    The  springs  ip  some  instances  have  a  temperature  con- 
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siderably  above  that  of  the  surrounding  atmosphere.  In  some  cases 
also  they  may  be  classed  as  mineral  springs,  and  are  believed  to  have 
medicinal  qualities  as  well. 

Municipal  systenia. — The  water  for  Goldendale  is  piped  from  a  spring 
on  the  southern  slope  of  Simcoe  Mountain,  12  miles  to  the  north. 
The  supply  is  sufficient  for  present  needs,  but  will  probably  have  to 
be  increased  in  the  future.  Other  good  springs  are  conveniently 
near,  and  the  water  from  these  can  be  easily  utilized.  The  water  is 
soft  and  uncontaminated.  The  spring  is  located  at  a  sufficient  height 
above  the  city  to  give  a  good  head  of  water.  A  few  wells  are  used, 
ranging  in  depth  from  12  to  75  feet.  Most  of  the  wells  are  shallow, 
water  being  most  commonly  found  at  20  feet  in  beds  of  gravel. 
From  the  wells  a  large  amount  of  water  may  be  obtained.  The  water 
level  shows  but  little  change  from  season  to  season,  and  is  affected  by 
pumping  only  in  a  slight  degree.  In  Goldendale  a  large  amount  of 
water  is  used  in  irrigation. 

Springs. — On  Government  land  in  T.  6  N.,  R.  13  E.,  there  is  a  large 
spring,  or  rather  a  group  of  springs.  At  these  springs  the  water 
flows  out  in  a  stream  from  basaltic  rock.  The  springs  are  located  at 
the  base  of  a  bluff  rising  from  the  valley  of  Klickitat  River.  Tlie 
flow  is  large,  there  being  no  perceptible  variation  from  season  to 
season.  The  water  is  clear  and  odorless,  but  it  has  an  unpleasant 
taste.  It  has  a  temperature  of  76^  F.  Bubbles  of  gas  are  constantly 
escaping  from  the  water.  It  has  been  used  to  a  limited  degree  for 
medicinal  purposes. 

On  Big  Klickitat  River  in  T.  4  N.,  R.  14  E.,  is  a  spring  which  is  con- 
sidered to  have  special  medicinal  properties.  By  the  internal  use  of 
the  water,  stomach  and  kidney  diseases  are  benefited,  and  rheumatism 
is  helped  by  bathing  in  the  water.  The  spring  issues  as  a  stream 
from  basaltic  rock.  It  has  a  temperature  of  100°  F.  There  is  a 
slight  film  on  its  surface  and  it  carries  a  little  sediment.  It  has  a 
strong  mineral  taste  and  is  charged  with  gas,  iron,  and  sulphur. 
Deposits  of  iron  oxide  are  made  along  the  stream  as  it  flows  away 
from  the  spring.  It  is  planned  to  make  a  health  resort  at  this  spring, 
and  a  hotel  and  bath  house  are  in  process  of  construction.  An  analy- 
sis of  the  water,  made  by  Prof.  H.  G.  Byers  of  the  University  of 
Washington,  is  as  follows: 

Analysis  of  spring  icater  from  near  Big  Klickitat  River. 

[Parte  per  million.] 

Total  solids 758.7 

Nonvolatile  polids 569. 2 

Volatile  solids 189.5 

Silica 86.5 

Ferric  oxide  and  alumina 104. 9 

Calcium  carbonate 129. 6 
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Magnesium  carbonate 184. 8 

Calcium  sulphate .^ -L  5 

Sodium  chloride 10. 1 

Potassium  chloride 22. 3 

Potassium  sulphate 27. 5 

Free  carbon  dioxide 700. 0 

liEWIS  COUNTY. 

General  statement. — Lewis  County  is  in  the  southwestern  part  of 
the  State  and  extends  from  the  summit  of  the  Cascades  to  Pacific 
County  on  the  west,  with  Chehalis,  Thurston,  and  Pierce  counties  on 
its  northern  border,  and  Wahkiakum,  Cowlitz,  and  Skamania  counties 
on  the  south.  The  county  has  a  very  diversified  topography.  The 
western  end  of  it  lies  within  the  Coast  Range,  where  the  highest  hills 
or  mountains  are  from  2,000  to  3,000  feet  in  height.  East  of  the 
Coast  Bange  is  a  broad  north-south  valley  which  is  in  reality  a  part  of 
the  Puget  Sound  basin.  East  of  this  great  valley  rise  the  mountains 
of  the  Cascades,  reaching  heights  of  6,000  or  6,000  feet  on  the  main 
divide.  The  mountains  have  been  greatly  dissected  by  the  streams. 
and  some  of  the  valleys,  notably  that  of  Cowlitz  River,  are  very  broad 
and  deep. 

The  rainfall  is  heaviest  in  the  western  part  of  the  county,  where  it 
averages  70  inches  per  year.  It  decreases  eastward  until  in  the 
neighborhood  of  Chehalis  and  Centralia  it  is  50  inches.  In  the  moun- 
tains of  the  eastern  part  of  the  county  the  average  yearly  rainfall  k 
60  inches.  This  heavy  rainfall  gives  rise  to  a  very  large  number  of 
streams  and  produces  a  luxuriant  forest  growth  which  is  equal  to  any 
found  elsewhere  in  the  State. 

The  eastern  part  of  the  county,  or  that  within  the  Cascades,  is  practi- 
cally unknown  geologically.  There  are  a  few  small  areas  of  coal- 
bearing  sandstones  and  shales  lying  along  the  upper  Cowlitz  River  and 
in  the  region  about  Cowlitz  Pass.  The  geology  of  the  western  two- 
thirds  of  the  cx)unty  has  been  studied  to  some  extent,  and  as  far  as 
known  the  rocks  are  of  Eocene  age.  Fossils  of  marine  Ex)cene  types 
occur  in  great  abundance  along  the  Cowlitz  in  the  vicinity  of  Little 
Falls.  The  sedimentary  rocks  are  mainly  sandstones  and  shales  and 
are  coal  bearing  at  a  number  of  places,  notably  about  Chehalis  and 
Centralia,  in  the  vicinity  of  Alpha  and  Cinebar,  and  near  Morton. 
Upon  the  sedimentary  rocks  in  most  places  a  deep  soU  has  formed. 
and  within  this  water  is  obtained  with  ease  by  means  of  shallow  welLs 
Springs  are  common  upon  the  hillsides,  and  they  may  be  regarded  a< 
important  sources  of  good  water.  The  amount  of  surface  water  to  be 
had  is  so  very  large  that  it  is  not  probable  that  recourse  to  deep  welb 
will  ever  be  necessary.  The  structure  of  the  sedimentarj'  rocks  i^ 
such  that  they  undoubtedly  contain  aitesian  basins,  which  may  be 
tapped  whenever  the  need  arises. 
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Municipal  systems. — The  water  for  Centralia  is  obtained  partly  from 
wells  and  partly  from  Skookumchuck  River.  From  neither  of  these 
is  very  good  water  obtained,  and  some  other  source  must  be  sought 
out.  The  wells  range  in  depth  from  20  to  30  feet.  Water  is  most 
commonly  found  at  about  18  feet,  in  beds  of  gravel,  but  as  these  beds 
arc  not  overlain  by  clay  or  other  impervious  material,  contamination 
from  the  surface  is  not  prevented.  From  these  wells  a  large  supply 
of  water  may  be  obtained.  The  water  level  varies  but  little  during 
the  year,  being  somewhat  lower  in  the  dry  season. 

The  water  supply  for  Fe  Ell  is  obtained  mostly  from  wells,  although 
a  few  families  derive  their  supply  from  springs.  The  spring  water  is 
satisfactory,  but  the  same  can  hardly  be  said  of  the  wells.  The  latter 
are  very  shallow  and  contamination  from  the  surface  is  very  easy. 
The  well  water  comes  from  gravel  and  rises  to  the  surface  in  some 
cases.  A  large  supply  of  water  is  had,  the  water  level  scarcely  vary- 
ing during  the  year. 

JASCOT^S  COUNTY. 

General  statement, — Lincoln  County  is  in  the  eastern  part  of  the 
State  and  is  bounded  on  the  east  by  Spokane  County,  on  the  west  by 
Douglas  County,  on  the  south  by  Adams  County,  and  on  the  north  by 
Columbia  and  Spokane  rivers.  The  surface  is  that  of  a  plateau  having 
a  general  height  of  about  1,500  feet  above  sea  level.  On  the  north 
the  plateau  slopes  very  abruptly  to  the  canyon  of  the  Columbia,  while 
on  the  south  there  is  a  gentle  slope  toward  Crab  Creek.  Low,  rolling 
hills  occur  here  and  there. 

The  yearly  rainfall  varies  from  10  inches  in  the  western  half  to  15 
inches  in  the  eastern  portion.  This  is  too  small  to  permit  of  forest 
growth  and  hence  the  county  was  formerly  a  prairie  region  clothed 
with  grasses.  The  bunch  grass  now,  however,  has  largely  given  way 
to  wheat  fields,  and  the  county  produces  each  year  an  increasing  amount 
of  grain.  The  streams  are  in  the  main  of  the  intermittent  type,  there 
being  but  very  few  that  are  of  a  permanent  character.  The  small 
streams  are  active  in  the  runways  during  the  winter  and  spring  months 
only  and  disappear  with  the  coming  of  summer. 

With  the  exception  of  the  outcrops  of  granite  in  the  vicinity  of 
Columbia  and  Spokane  rivers  the  bed  rock  is  altogether  basalt.  The 
basalt  has  within  it  porous  layers  which  become  filled  with  water,  thus 
forming  important  reservoirs.  In  the  ravines  and  "coulees"  the 
porous  basalt  often  outcrops  and  gives  origin  to  springs  which 
afford  an  ample  quantity  of  water  for  general  house  and  farm  use. 
As  a  rule,  the  springs  are  active  all  the  year,  and  in  some  instances  have 
a  flow  sufficient  for  use  as  a  numicipal  supply.  In  cases  where 
springs  have  not  been  available  wells  have  been  dug  in  the  basalt,  and 
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whenever  the  porous  rock  was  encountered  ample  supplies  of  water 
were  obtained.     Ordinarily  the  wells  vary  in  depth  from  25  to  50  fet»L 

Municipal  systems, — Water  for  Davenport  is  obtained  from  sprii^< 
near  the  town.  The  supply  is  sufficient  for  present  needs,  but  it  ^ 
probable  that  it  will  have  to  be  increased.  The  water  is  of  gocfd 
quality  and  there  are  no  sources  of  contamination.  A  gravity  system 
of  waterworks  is  used.  The  wells  in  the  region  vary  in  depth  fn)m 
20  to  60  feet,  the  water  being  most  commonly  found  at  30  feet.  The 
wells  enter  the  rock,  and  a  layer  of  clay  at  the  surface  prevents  any 
contamination  from  that  direction.  No  flowing  wells  have  been  found, 
but  a  large  supply  of  water  is  obtained  from  the  common  wells.  The 
water  level  does  not  vary  during  the  year  and  is  not  affected  by  pump- 
ing.    Much  water  is  used  in  irrigation  as  well  as  for  domestic  purposes 

Harrington  obtains  its  water  from  wells,  although  springs  are  us«l 
to  som&  extent.  The  wells  vary  in  depth  from  30  to  100  feet.  Water 
is  most  commonly  found  at  about  35  feet.  All  of  the  wells  enter 
basalt.  The  water  usually  rises  to  within  20  feet  of  the  surface,  where 
it  stands  constant  the  year  round.  It  is  of  good  quality,  but  will 
doubtless  be  insufficient  for  future  demands.  The  water  is  pumped 
into  a  standpipe  and  distributed  by  gravity. 

The  supply  for  Spi*ague  is  obtained  in  part  from  a  spring  and  in 
part  from  wells.  At  the  spring  the  water  issues  from  basaltic  rock 
and  varies  much  in  quantity  from  season  to  season.  During  the  dry 
season  the  supply  from  the  spring  becomes  insufficient  and  the  wells 
are  relied  upon.  The  supply  from  the  wells  seems  to  be  inexhaustible 
and  constant  pumping  makes  no  impression  on  the  water  level.  The 
water  from  the  spring  is  distributed  by  gravitj^^  while  the  well  water 
is  obtained  by  pumping.  From  these  sources  excellent  water  is  obtained 
in  quantities  believed  to  be  sufficient  for  all  future  needs.  The  private 
wells  of  the  region  vary  in  depth  from  20  to  40  feet.  Water  is  com- 
monly found  at  a  depth  of  20  feet.  These  wells  do  not  enter  rock^  but 
are  wholly  in  surface  material.  The  water-bearing  materials  are  sand 
and  gravel.  The  wells,  although  shallow,  afford  a  large  quantit3"  of 
water,  the  level  being  lowered  only  in  a  long,  dry  season. 

Water  for  Wilbur  is  obtained  from  Goose  Creek,  which  has  its  source 
in  two  large  springs,  and  also  from  some  wells.  The  water  is  of  good 
quality,  and  ample  in  quantity  for  present  and  future  needs.  A 
gravitj'^  system  of  waterworks  has  been  installed.  The  wells  are  all 
very  shallow,  the  usual  depth  being  about  12  feet.  They  enter  the 
basaltic  rock  which  underlies  the  town.  Contamination  from  the  sur- 
face is  prevented  by  a  layer  of  clay.  The  wells,  although  shallow^  are 
relied  upon  for  the  domestic  supply,  and  the  water  from  the  springs 
is  used  largely  in  irrigation. 

SIprings, — In  sec.  21,  T.  26  N.,  R.  37  E.,  near  the  town  of  Daven- 
port, there  is  a  large  spring  from  which  about  360,000  gallons  of 
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water  flow  daily.  This  supply  is  fairly  constant,  although  slightly  less 
in  summer.  The  water  is  clear  and  cold  and  has  a  pleasant  taste.  It 
issues  as  a  stream  from  the  rock.  It  is  used  as  a  water  supply  for  the 
town  of  Davenport. 

Near  Davenport,  on  the  farm  of  J.  E  Ludy,  there  is  a  spring  which 
is  located  in  the  bottom  of  a  deep  draw  or  gulch.  The  water  comes 
out  as  a  stream,  and  in  quantity  sufficient  to  supply  about  15  families. 
It  is  slightly  alkaline,  but  there  are  no  deposits  of  mineral  matter  or 
sediment  about  the  spring.     The  water  has  a  temperature  of  about  45^  F. 

Near  Harrington,  in  sec.  34,  T.  23  N.,  R.  36  E.,  there  is  a  spring 
owned  by  J.  L.  Ball.  The  water  issues  from  the  rock  at  the  base  of  a 
bluff.  It  is  clear  and  of  a  very  good  quality.  It  is  used  for  a  general 
farm  supply. 

L.  T.  Luper  owns  2  springs  near  Harrington,  in  sees.  1  and  9,  T.  23 
N.,  R.  36  E.  The  spring  in  section  1  flows  about  23,000  gallons  per 
day,  and  the  one  in  section  9  about  28,000  gallons  per  day.  Neither 
spring  shows  any  variation  in  flow  from  season  to  season,  and  in  both 
the  water  is  clear,  of  good  quality,  and  apparently  not  mineral  bearing. 
In  each  case  the  water  issues  as  a  stream.  The  water  is  used  as  a 
house  supply  and  in  watering  stock. 

Near  Sherman,  in  sec.  25,  T.  29  N.,  R.  33  E.,  H.  B.  Fletcher  owns 
a  spring  which  appears  as  a  stream.  The  spring  is  located  in  a  valley. 
The  flow  is  very  large  and  is  constant  from  season  to  season.  The 
water  as  it  issues  is  cold,  clear,  and  of  a  superior  quality.  It  is  used 
by  the  farmers  for  their  stock,  but  it  has  been  proposed  to  pipe  the 
water  to  Wilbur  as  a  supply  for  that  town. 

MASON  COUKTY. 

General  statement. — ^Mason  County  lies  in  the  western  part  of  the 
State,  being  separated  from  the  Pacific  Ocean  by  Chehalis  County, 
which  borders  it  on  the  west.  It  is  bounded  on  the  north  and  north- 
east by  Jefferson  and  Kitsap  counties,  and  on  the  southeast  and  south 
by  Pierce  and  Thurston  counties.  The  northwestern  portion  of  the 
county  extends  into  the  Olympic  Mountains,  and  hence  is  very  rugged 
and  broken  in  character.  Most  of  the  remaining  part  of  the  county 
is  very  hUly,  the  only  portions  that  are  level  to  any  degree  being  those 
immediately  about  Hood  Canal  and  other  inlets  of  Puget  Sound.  The 
streams  which  come  from  the  mountains  flow  in  canyons,  and  the  inter- 
stream  divides  are  very  sharp. 

The  yearly  rainfall  is  very  heavy,  ranging  from  85  inches  on  the 
western  border  to  60  inches  in  the  extreme  eastern  portion.  As  one 
result  of  the  copious  rainfall  there  is  a  heavy  forest  growth,  the  for- 
ests of  Mason  County  being  regarded  as  among  the  best  in  the  State. 
In  the  southeastern  part  of  the  county,  the  only  portion  which  is  set- 
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tied  to  any  extent,  water  for  domestic  purposes  is  obtained  very  largely 
from  the  glacial  deposits,  which  are  here  very  thick.  As  a  rule  the 
wells  are  shallow,  water  being  obtained  at  depths  varying  from  10  to 
25  feet.  With  the  abundant  rainfall  and  the  heavy  mantle  of  uncon- 
solidated surface  materials  it  is  not  surprising  that  springs  are  very 
common.  The  water  issues  from  the  springs  in  the  form  of  streams, 
and  usually  in  sufficient  quantities  to  afford  town  supplies. 

Municipal  systems. — The  water  supply  for  Shelton,  a  town  of  about 
1,000  people,  is  obtained  from  some  large  springs,  and  will  doubtle>s 
prove  inadequate  when  the  population  of  the  town  is  doubled,  but 
there  are  other  large  springs  located  conveniently  near  which  may  be 
utilized.  The  water  is  soft  and  pure  and  very  satisfactory  for  domes- 
tic purposes.  A  gravity  system  of  waterworks  is  used.  In  the  region 
about  Shelton  there  are  a  good  many  wells  from  which  excellent  water 
is  obtained.  In  some  instances  the  water  rises  to  the  surface,  and  the 
water  level  is  not  distinctly  lowered  except  in  September,  the  month 
of  the  least  rainfall.  The  wells  are  as  a  rule  driven  wells,  the  mate- 
rials penetrated  being  glacial  till,  sand,  and  gravel.  The  wells  are 
shallow,  varying  from  10  to  25  feet  in  depth.  The  water-bearing 
material  is  overlain  by  hardpan,  so  that  there  is  no  contamination  from 
the  surface. 

Sjyrings. — As  noted  above,  the  town  of  Shelton  obtains  its  water 
supply  from  two  springs  located  in  sec.  12,  T.  20  N.,  R.  4  W.  The 
flow  has  not  been  measured,  but  it  is  ample  for  all  present  demands. 
The  springs  issue  as  streams  from  gravel  beds  which  outcrop  on  a 
hillside  above  the  town.  The  water  contains  a  small  amount  of  iron, 
but  there  are  no  deposits  of  minei*al  matter  about  the  springs. 

At  other  places  about  Shelton,  notably  in  sec.  18,  T.  20  N.,  R.  3  W., 
and  in  sec.  13,  T.  20  N.,  R.  4  W.,  are  other  springs  which  supply  large 
quantities  of  water.  They  issue  from  gravel  beds  at  the  base  of  a 
bluff  about  150  feet  high.  From  the  top  of  the  bluff  a  gravel  terrace 
extends  for  several  miles.  Lying  upon  this  terrace,  near  the  springs, 
there  are  several  lakes,  and  it  has  been  suggested  that  the  lakes  are 
the  sources  of  the  spring  water. 

OKANOGAN  COUNTY. 

General  statement. — Okanogan  County  extends  from  the  British 
Columbia  line  to  Columbia  River,  and  from  Ferrv  Countv  on  the  east 
to  (>helan  and  Whatcom  counties  on  the  west.  This  large  county  pre- 
sents a  groat  diversity  of  surface,  and  within  it  are  rugged  mountains, 
rolling  hills,  and  broad  plateaus  which  merge  into  plains.  The  western 
portion  of  the  county  is  a  region  of  higli  mountains  and  deep  valleys. 
Between  Methow  and  Okanogan  rivers  is  a  bold  mountain  ridge  which 
has  a  north-south  course.     Along  the  eastern  border  line  of  the  countv 
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there  is  likewise  a  mountain  ridge,  with  a  north-south  course  and  a 
general  height  of  about  4,000  feet  above  the  sea.  Along  the  southern 
boixier  of  the  county  the  Columbia  flows  in  a  deep  canyon,  but  the 
Okanogan,  its  chief  tributary,  is  a  meandering  stream  flowing  in  a 
broad  and  comparatively  shallow  valley.  The  Methow  Valley  is  like- 
wise very  broad  and  open,  except  for  the  last  few  miles  of  its  course, 
when  it  assumes  a  canyon  aspect. 

The  rainfall  of  Okanogan  County  is  light  in  comparison  with 
other  parts  of  Washington.  In  the  mountainous  area  the  annual  pre- 
cipitation is  from  15  to  20  inches.  Over  much  of  the  remaining 
part  of  the  county  it  ranges  from  10  to  15  inches,  and  over  a  small 
portion  it  is  even  less  than  10  inches.  The  forest  grows  exclusively 
upon  the  highlands,  chiefly  in  the  Cascades,  in  the  mountains  along  the 
eastern  border,  and  on  the  mountain  ridge  between  Okanogan  and 
Methow  rivers.  Over  those  parts  of  the  county  where  the  trees  can 
not  grow  bunch  grass  abounds,  only  the  lowest  plains  along  Okanogan 
Kiver  being  given  over  to  sagebrush.  From  the  mountains  good 
streams  of  water  flow  to  the  plains  and  make  possible  irrigation  on  a 
large  scale  in  the  valleys  of  Methow,  Okanogan,  and  Columbia  rivers. 

As  far  as  known  the  rocks  of  Okanogan  County  are  chiefly  gneisses, 
schists,  slates,  and  crystalline  limestones.  Here  and  there  are  small 
remnants  of  more  or  less  extensive  sediments  of  Tertiary  lakes.  Over 
large  areas  intrusive  and  extrusive  igneous  rocks  of  various  kinds  pre- 
vail. Over  much  of  the  surface  there  is  a  thick  mantle  of  soil,  and 
within  this  in  most  places  water  may  be  obtained  by  means  of  wells. 
Springs  commonly  occur,  and  they  are  relied  upon  to  a  large  degree  by 
the  settlers.  Surface  water  is  usually  sufficiently  abundant  to  supply 
the  herds  of  cattle  and  sheep  with  their  requirements. 

Municipal  systems. — Loomis  obtains  its  water  from  Sinlahekin 
Creek  and  from  a  spring  owned  by  J.  M.  Judd.  Neither  source  is 
very  satisfactory,  and  it  is  planned  to  secure  a  supply  from  Toats 
Coulee  Creek,  a  mountain  stream  of  pure  water  which  flows  near  the 
town.  A  few  wells  have  been  dug  in  the  district  about  Loomis.  They 
are  all  shallow,  ranging  in  depth  from  20  to  30  feet.  They  do  not 
reach  bed  rock,  but  lie  wholly  in  the  mantle  rock  or  soil. 

PACIFIC  COUNTY. 

Oeneral  statement. — Pacific  County  lies  at  the  southwest  corner 
of  the  State.  The  ocean  border  of  the  county  is  exceedingly  irregu- 
lar, due  in  part  to  a  submergence  of  the  coast  and  in  part  to  the  build- 
ing out  from  the  headlands  of  long  sand  spits.  The  surface  rises 
gradually  from  tide  water  to  the  summit  of  the  Coast  Range,  where  a 
maximum  height  of  3,000  feet  above  the  sea  is  attained.  Much  of  the 
coast  is  low,  and  alluvial  valleys  extend  for  some  distance  up  the 
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streams.  The  annual  rainfall  is  very  heavy,  varying  from  65  inches 
at  the  mouth  of  the  Columbia  to  85  inches  and  over  along  the  north- 
ern border.  In  this  county  the  change  in  amount  of  precipitation  is 
in  a  north-south  rather  than  an  east-west  direction  as  is  commonlv  the 
case.  As  elsewhere  the  large  rainfall  produces  many  streams  and  an 
extraordinary  forest  growth.  The  larger  trees  are  closely  surrounded 
by  a  very  dense  growth  of  minor  forms,  so  that  the  forast  as  a  whole 
is  almost  impenetrable. 

With  few  exceptions  all  the  rocks  of  the  county  are  shales,  sand- 
stones, and  conglomerates  of  middle  Tertiary  age.  All  of  these  disin- 
tegrate readily  when  exposed  to  the  atmosphere,  so  that  there  is  a 
heavy  mantle  of  incoherent  porous  material  many  feet  in  depth. 
Within  this  soil  there  is  generally  an  abundance  of  wat«r,  so  that 
shallow  wells  and  springs  form  the  main  sources  of  domestic  supply. 

Municipal  systems, — Springs  ^aflford  the  water  supply  for  Ilwaco, 
but  they  are  not  very  satisfactory  and  in  the  near  future  some  other 
source  must  be  sought.  The  present  supply  is  not  of  the  best  quality 
and  will  soon  be  inadequate.  Contamination  is  due  chiefly  to  decaying 
vegetable  matter.  A  gravity  system  of  waterworks  is  used.  Ilwaco 
is  situated  on  a  plain  which  rises  but  little  above  high  tide.  Wells  an' 
not  used  at  all,  because  the  water  within  them  is  Unfit  for  drinking 
purposes. 

The  supply  of  water  for  Southbend  is  obtained  from  springs.  Id 
this  way  water  of  excellent  quality  is  had,  free  from  contamination, 
and  in  quantity  believed  to  be  sufficient  for  all  future  needs.  The 
water  is  carried  from  the  springs  and  distributed  about  the  town  by  & 
gravity  system.  Very  few  wells  are  used  about  Southbend,  and  in 
none  of  them  is  the  water  satisfactory.  The  wells  vary  in  depth  from 
10  to  60  feet. 

PIERCE  COirNTY. 

General  statement. — Pierce  County  extends  from  the  summit  of  the 
Cascades  on  the  east  to  Puget  Sound  on  the  west,  and  from  King  ana 
Kitsap  counties  on  the  north  to  Lewis  and  Thurston  counties  on  the 
south.  In  the  vicinity  of  the  sound  the  surface  is  that  of  a  plain  with 
a  general  height  of  300  to  400  feet  above  sea  level.  Ekistward  the 
plain  gives  way  to  hills,  which  in  turn  soon  merge  into  the  high 
mountains  forming  the  eastern  third  of  the  county.  Mount  Rainier 
lies  in  Pierce  County,  and  immediately  about  it  and  to  the  northeast 
high  peaks  and  deep  valleys  are  very  conspicuous. 

The  lowest  annual  rainfall  is  in  the  neighborhood  of  Tacoma,  where 
it  averages  45  inches.  It  increases  eastward  and  in  the  mountains  is 
about  60  inches.  Upon  the  sides  of  Mount  Rainier  and  the  neighbor- 
ing high  mountains  the  precipitation  is  principally  in  the  form  of 
snow,  and  large  snow  fields  and  glaciers  are  found.     By  the  precipitous 


LANDE8.1  PiEROE   COUNTY.  39 

descent  of  many  of  the  large  streams  waterfalls  of  much  economic 
importance  have  been  produced.  Some  of  the  waterfalls  are  now 
being  utilized  for  power  purposes.  The  heavy  rainfall  of  the  moun- 
tains insures  an  ample  supply  of  the  purest  water  for  the  cities  about 
the  sound  or  upon  the  plains. 

In  the  region  about  Burnett,  Wilkeson,  Carbonado,  and  Fairfax  the 
outcropping  rocks  are  chiefly  clastic  sediments  of  Eocene  age.  They 
are  coal  bearing,  and  at  the  places  above  mentioned  coal  mines  are  now 
in  operation.  The  extent  of  the  sedimentary  series  is  unknown,  since 
eastward  it  passes  under  the  lavas  of  Mount  Rainier  and  westward  it 
disappears  beneath  the  heavy  mantle  of  glacial  sediments  which  covers 
the  western  third  of  the  county.  The  glacial  deposits  for  the  most 
part  are  made  up  of  coarse  gravels  and  sands,  into  which  the  water 
sinks  after  each  rainfall,  so  that  the  drainage  is  chiefly  underground. 
In  the  western  part  of  the  county  there  are  but  few  streams  save 
those  which  have  their  origin  in  the  hills  and  mountains.  Ordinarily 
a  large  quantity  of  good  water  is  obtained  in  wells  having  a  depth  of  40 
to  50  feet.  Springs  are  very  abundant  and  it  is  from  this  source  that 
the  principal  towns  of  the  county  derive  their  water  supplies.  The 
springs  are  commonly  found  at  the  bases  of  the  hills,  and  from 
them  the  water  usually  issues  in  the  form  of  streams.  Not  only  are 
the  springs  numerous,  but  the  quantity  of  water  that  flows  from  some 
of  them  is  phenomenal. 

Municipal  systems, — A  well  situated  on  an  island  in  White  River, 
near  the  town,  supplies  Buckley  with  water.  From  this  source,  by 
pumping,  a  very  large  supply  may  be  obtained,  ample  for  present  and 
future  needs.  The  water  is  of  good  quality,  there  being  no  known 
sources  of  contamination.  In  the  region  about  Buckley  the  wells 
vary  in  depth  from  30  to  40  feet,  the  water-bearing  materials  being 
beds  of  sand  and  gravel.  The  latter  are  overlain  by  glacial  till  or 
hardpan,  so  that  the  wells  suffer  no  contamination  from  the  surface. 

The  water  for  Carbonado  is  obtained  from  springs  located  in  some 
gravel  beds  overlying  the  coal-bearing  rocks.  The  supply  is  sufficient 
for  the  present  and  doubtless  will  be  enough  for  all  future  needs.  A 
gravity  system  of  waterworks  is  in  use.  The  water  is  used  for  boilers 
as  well  as  for  domestic  purposes.     There  are  no  wells  in  Carbonado. 

Springs  furnish  a  supply  of  water  for  Orting.  The  water  is  not 
contaminated  and  is  very  satisfactory.  The  supply  is  ample  for  all 
the  demands  made  upon  it.  Other  springs  near  by  may  be  utilized  if 
necessary.  A  gravity  system  of  waterworks  is  used.  In  the  region 
about  Orting  are  a  few  wells,  their  depths  varying  from  14  to  18  feet. 
The  wells  are  wholly  in  glacial  materials,  not  reaching  the  bed  rock  in 
any  case.  The  water  in  the  wells  is  excellent  and  abundant,  usually 
rising  to  the  surface  in  the  winter  months. 

The  water  used  in  Puyallup  comes   from   Maplewood    Springs. 
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These  springs  lie  within  the  city  limits  and  have  a  flow  of  20,000,0(Xi 
gallons  daily.  The  water  is  of  good  quality.  It  is  distributed 
through  the  town  by  a  gravity  sj'stem.  Puyallup  is  located  on  the 
flood  plain  of  Puyallup  River  near  where  it  enters  the  sea.  The  welk 
that  have  been  dug  in  the  alluvium  of  the  valley  do  not  yield  good 
water  and  hence  are  rarely  or  never  used. 

The  water  system  in  South  Taeoma  is  owned  by  Calvin  Phillips  & 
Co.,  who  obtain  a  daily  supply  of  150,000  gallons  from  wells.  The 
water  is  free  from  any  contamination  and  is  quite  satisfactory.  The 
usual  depth  of  wells  about  South  Taeoma  is  40  to  50  feet.  The  wells 
penetrate  beds  of  gravel  and  sand  and  in  no  instance  reach  bed  rock. 

For  Sumner  the  water  is  obtained  from  a  spring  located  on  a  hill- 
side 1  mile  east  of  the  town.  The  spring  is  sufficiently  above  the  level 
of  the  town  to  give  a  good  head  to  the  water,  so  that  it  may  be  distrib- 
uted by  gravity.  The  supply  is  ample  for  present  needs,  and  there 
are  other  good  springs  near  by  which  may  be  utilized  in  the  future 
should  the  needs  of  the  town  so  demand.  No  wells  are  used  in  the 
valley  about  Sumner,  all  of  the  water  for  domestic  purposes  being 
piped  from  the  springs  on  the  hillsides  which  border  the  valley. 

The  city  of  Taeoma  obtains  its  water  supply  from  Clover  Creek  and 
some  springs.  From  the  former  the  major  portion  of  the  water  used 
in  the  city  is  obtained,  but  the  spring  water  is  more  satisfactory.  The 
quantity  obtained  is  hardly  sufficient  for  the  needs  of  the  city  and,  a^ 
additional  sources  of  supply,  three  deep  wells  are  being  drilled.  From 
the  creek  and  springs  water  is  pumped  into  reservoirs,  from  which  it 
is  distributed  by  gravitj^  throughout  the  city.  Taeoma  is  located  upon 
a  plain  composed  of  glacial  sediments,  till,  clay,  sand,  and  gravel, 
which  yield  an  abundant  suppU'^  of  good  water.  The  depth  of  the 
wells  varies  from  30  to  100  feet.  In  general  the  water-bearing  strata 
are  overlain  by  clay  or  till,  so  that  surface  contamination  is  reduced 
to  a  minimum. 

A  sanitary  analysis  of  water  from  Clover  Creek  and  springs,  made 
February  23,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of 
Washington,  resulted  as  follows: 

Analysis  of  nxUerfwm  Clover  Creek  and  springs, 

[Parts  per  million.] 

Total  solids 47.20 

Nonvolatile  solids 25. 3' 

Volatile  solids 22.  U» 

Oxygen  consumed ^.M 

Chlorine 4. 40 

Nitrogen  as  free  ammonia {VJ* 

Nitrogen  as  albuminoid  ammonia .  (frj^ 

Nitrogen  as  nitrites Xont- 

Nitrogen  as  nitrates Noct'. 
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Springs, — Near  the  town  of  Carbonado,  in  sec.  4,  T.  18  N.,  R.  6  E., 
the  water  issues  as  a  stream  from  some  gravel  beds  which  overlie  the 
coal  measures  at  this  place.  The  spring  yields  sufficient  water  to  sup- 
ply the  town  of  Carbonado  and  the  boilers  of  the  Carbon  Hill  Coal 
Company. 

The  Orting  Light  and  Water  Company  own  three  springs  in  sec.  29, 
T.  19  N.,  R.  5  E.  These  springs  are  small,  but  afford  enough  water 
to  supply  the  town  of  Orting.  They  are  located  upon  a  hillside,  where 
the  water  issues  as  small  streams  from  beds  of  sand  and  gravel:  The 
water  carries  a  little  sand  and  is  somewhat  muddy  after  hai*d  rains. 
The  flow  is  said  to  be  a  little  stronger  in  summer  than  in  winter. 

Maplewood  Springs  are  located  near  Puyallup,  in  sec.  32,T.  20  N., 
R.  4  E.  The  water  issues  in  streams  from  beds  of  gravel  at  the 
base  of  a  bluff.  The  flow  is  estimated  at  20,000,000  gallons  per  day. 
The  town  of  Puyallup  and  a  portion  of  Tacoma  are  supplied  with 
water  from  this  spring.     The  spring  is  owned  by  the  city  of  Tacoma. 

SAN  JUAN  COUNTY. 

General  statement. — San  Juan  County  comprises  a  group  of  islands 
lying  between  Whatcom  and  Skagit  counties  in  Washington  and  the 
island  of  Vancouver.  These  islands  have  rocky,  irregular,  deeply 
indented  shores  and  represent  the  tops  of  submerged  mountains.  The 
surface  of  some  of  the  islands  is  that  of  a  plain,  but  in  most  cases  there 
are  high  hills  or  semimountains.  The  principal  hills  are  on  Orcas 
Island,  the  highest  point.  Mount  Constitution,  rising  2,200  feet  above 
the  sea. 

Since  the  San  Juan  Islands  lie  to  the  leeward  of  the  mountains  of 
Vancouver  Island,  they  have  a  rainfall  that  is  less  than  the  average  of 
western  Washington.  The  yearly  rainfall  is  between  30  and  36  inches. 
This  is  enough  to  support  but  a  moderate  forest  growth,  so  that  the 
trees  are  not  so  large  as  in  some  parts  of  the  State  and  there  is  but  a 
small  amount  of  undergrowth.  The  rainfall  is  ample  for  agricultural 
purposes  and  excellent  crops  are  raised. 

The  rocks  of  the  northernmost  islands  of  the  group  are  of  upper 
Cretaceous  age  and  are  a  part  of  the  coal -bearing  series  of  the  islands 
of  British  Columbia.  South  of  the  sedimentary  rocks  just  mentioned, 
and  forming  the  major  portion  of  the  islands,  are  metamorphic  and 
igneous  rocks  of  undetermined  age.  All  of  the  islands  have  been 
glaciated,  and  oftentimes  the  rocks  are  deeply  furrowed.  The  glaciers 
laid  bare  the  rocks  in  some  instances,  and  over  much  of  the  surface  but 
a  thin  soil  was  left.  The  area  of  tillable  land  is  thereby  largely 
reduced  and  limited  to  the  lower  valleys.  On  a  few  of  the  islands  the 
water  supply  is  scant  and  the  problem  of  securing  water  for  domestic 
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purposes  is  a  difBcult  one.  Only  a  meager  supply  of  surface  water  Ln 
obtained  because  of  the  scant  rainfall.  The  slight  depth  of  soil  make:^ 
it  necessary  to  dig  the  wells  in  bed  rock  in  most  places.  In  some 
instances,  however,  as  about  Friday  Harbor,  the  soil  is  of  sufficient 
depth  to  yield  a  water  supply  by  means  of  shallow  wells. 

Municipal  systems, — The  water  supply  for  Friday  Harbor  comers 
altogether  from  wells.  These  yield  water  of  good  quality,  whirh 
thus  far  has  been  quite  satisfactory.  The  wells  are  all  shallow,  not 
often  reaching  a  depth  exceeding  18  feet.  The  water  is  obtained 
from  beds  of  gravel.  These  are  overlain  by  clay,  thus  preventing 
surface  drainage  from  entering  the  wells.  A  good  water  supply  for 
the  town  of  Friday  Harbor  can  be  had  in  Sportsnmns  Lake,  which  is 
3i  miles  away  and  lies  at  an  elevation  of  about  75  feet  above  the 
town.     The  lake  covers  90  acres  and  is  fed  by  springs. 

SKAGIT  COUNTY. 

General  statement. — Skagit  County  is  in  the  northwestern  part  of 
the  State  and  lies  between  Whatcom  County  on  the  north  and  Snoho- 
mish County  on  the  south.  It  extends  from  Puget  Sound  on  the 
west  to  the  sununit  of  the  Cascades  on  the  east.  The  coast  is  verv 
irregular.  The  topography  of  the  western  part  of  the  county  is  that 
of  a  plain  lying  but  little  above  the  sea.  The  eastern  half  is  very 
rough  and  broken  and  embraces  some  of  the  most  rugged  portion^s  of 
the  Cascades.  A  prominent  feature  of  the  surface  is  the  great  valley 
of  Skagit  River,  which  has  an  east-west  course  through  the  county 
and  upon  the  broad  delta  of  which  the  principal  towns  are  located. 
Dikes  have  been  built  along  the  coast  and  the  lower  reaches  of  the 
river  to  keep  the  alluvial  plain  from  being  overflowed.  The  tide  runs 
up  Skagit  River  for  about  20  miles. 

The  yearly  rainfall  varies  from  30  inches  along  the  coast  to  an 
average  of  50  inches  in  the  mountains.  Practically  all  of  the  region 
was  once  forest  covered,  and  the  cedars  of  the  Skagit  Valley  are 
among  the  largest  and  best  to  be  found  in  the  State.  The  timber  of 
the  broad  alluvial  plain  along  the  lower  course  of  the  river  has  been 
largely  removed  and  excellent  farms  have  taken  its  place.  The  most 
valuable  farm  land  in  the  State  is  found  here,  the  amount  of  rainfall 
and  the  excellent  quality  of  the  soil  being  conducive  to  very  hijrh 
agricultural  returns. 

In  the  region  south  of  Hamilton  and  immediately  about  Cokedale 
are  outcropping  Tertiary  sandstones  and  shales  which  are  coal  bearinir 
and  in  which  coal  mines  have  been  opened.  The  extent  of  thes^e 
sedimentary  areas  is  unknown,  since  they  are  largely  concealed  bv 
the  alluvial  deposits  of  the  river,  glacial  sediments,  etc,     flast  of 
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Hamilton  is  a  north-south  belt  of  slates  and  schists  containing  small 
lK)dies  of  iron  ore.  Among  the  islands  at  the  western  end  of  the 
county  are  frequent  outcrops  of  slates,  schists,  and  other  metamorphic 
rocks.  Along  the  borders  of  the  valley  of  the  lower  Skagit  are  thick 
deposits  of  glacial  sediments,  from  which  water  is  often  obtained  by 
means  of  wells  and  springs.  The  towns  loc^ated  in  the  valley  of  the 
Skagit  may  secure  supplies  of  water  either  from  the  springs  on  the 
adjacent  hillsides  or  from  shallow  wells  that  have  been  sunk  into  the 
sands  and  gravels  of  the  river  plain. 

Munu'ipal  systems. — The  town  of  Anacortes  obtains  its  water  from 
Lake  Heart,  which  is  fed  by  springs.  The  lake  is  about  250  feet 
above  the  town,  so  a  gravity  system  of  waterworks  is  used.  Lake 
Heart,  although  now  supplying  enough  water  for  the  use  of  the  town, 
will  in  time  become  inadequate.  Other  desirable  sources  of  supply 
may  easily  be  found  in  Cranberry  and  Whistler  lakes,  which  lie  near 
the  town.  The  water  now  used  is  of  good  quality  and  is  quite  satis- 
factory. Some  of  the  wells  of  the  region  are  shallow,  but  the  best 
water  is  obtained  at  a  depth  of  about  80  feet.  Not  even  the  deepest 
wells  enter  bed  rock,  the  materials  passed  through  being  clay  above, 
with  >)eds  of  gravel  below. 

Hamilton  secures  its  water  supply  exclusively  from  wells.  These 
are  shallow,  since  the  town  is  located  on  the  flood  plain  of  Skagit 
River.  The  wells  range  in  depth  from  10  to  25  feet.  The  height 
of  water  in  the  wells  depends  upon  the  stage  of  water  in  the  river. 
The  water  in  the  wells  all  comes  from  the  river  by  seeping  through 
the  coarser  materials  of  the  flood  plain.  In  each  well  a  lateral  move- 
ment of  the  water  in  the  same  direction  as  the  flow  of  the  river  may 
be  readily  seen. 

The  water  that  is  used  at  Laconner  is  brought  from  a  spring  by 
a  gravity  system.  The  water  is  of  good  quality,  and  is  ample  in 
amount  for  present  demands,  but  may  need  to  be  supplemented  in  the 
future. 

Water  for  the  use  of  the  town  of  Mount  Vernon  is  obtained  from 
a  large  spring.  From  the  spring  water  is  pumped  into  a  reservoir 
located  on  a  hill  above  the  town  and  is  then  distributed  by  gravity. 
The  water  is  very  pure,  there  being  no  sources  of  contamination, 
and  it  is  suflBcient  in  amount  for  present  and  future  needs.  The 
wells  of  the  region  range  in  depth  from  10  to  14  feet.  They  do  not 
enter  bed  rock,  but  are  altogether  in  the  alluvium  of  the  valley.  In 
some  instances  the  well  water  is  not  of  good  quality. 
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SKAMANIA  COUNTY. 

General  statement. — Skamania  County  lies  on  the  southern  border 
of  the  State,  south  of  Lewis  County,  between  Yakima  and  Klickitat 
counties  on  the  east  and  Cowlitz  and  Clarke  counties  on  the  west.  The 
proportion  of  low  plain  to  high  mountain  is  less  than  in  any  other 
county  in  the  State.  With  the  exception  of  a  very  narrow  plain  alon^ 
Columbia  River  the  entire  county  consists  of  ru^^ed  mountains  which 
have  a  general  height  of  about  5,000  feet  above  sea  level.  From  east 
to  west  the  county  covers  very  nearly  the  entire  width  of  the  higher 
Cascades  in  this  part  of  the  State.  The  highest  point  is  Mount  St. 
Helens,  with  an  elevation  of  about  10,000  feet,  standing  near  the 
northern  border  line.  St  Helens  is  a  volcano  that  is  said  to  have 
shown  slight  signs  of  a^jtivity  since  white  settlers  first  came  to  Wash- 
ington.   It  has  suffered  but  little  erosion  and  is  symmetrical  in  outline. 

The  rainfall  ranges  from  60  inches  or  a  little  more  in  the  north- 
western part  to  40  inches  on  the  southeastern  border.  The  elevation 
is  such  that  the  rainfall  is  heavy.  It  should  be  noted,  however,  that 
not  all  of  the  precipitation  is  in  the  form  of  rain,  but  that  some  of  it« 
especially  in  the  northwestern  part  of  the  county,  is  in  the  form  of 
snow.  With  the  exception  of  a  few  mountain  peaks  the  surface  is 
entirely  forested,  and  over  one-half  of  the  county  is  within  the  limits 
of  the  Mount  Rainier  Forest  Reserve. 

Little  is  known  of  the  geology  of  the  county.  Nothing  but  basalt. 
presumably  belonging  to  the  Columbia  River  lava,  appears  along 
Columbia  River.  About  15  miles  north  of  the  river,  northeast  of 
Skye,  outcrops  of  granite  occur.  These  outcrops  are  believed  to  Iv 
at  the  southern  end  of  a  belt  of  granite  which  runs  northward  through 
the  county,  passing  between  Mount  St.  Helens  on  the  west  and  Mount 
Adams  on  the  east.  The  warm  springs  which  occur  at  Cascades  seem 
to  indicate  that  there  are  igneous  rocks  at  moderate  depths  in  that 
vicinity  which  are  not  yet  entirely  cooled.  Very  little  information  is 
at  hand  regarding  the  details  of  the  water  resources  of  the  county. 
since  it  is  very  sparsely  peopled.  The  only  settlements  are  located  in 
the  immediate  vicinity  of  Columbia  River. 

Springs, — Near  Cascades  post-oflBce,  on  Columbia  River,  in  sec.  16. 
T.  2  N.,  R.  7  E.,  is  a  mineral  spring  owned  by  Thomas  Moffett,  The 
water  seeps  out  at  the  base  of  a  hill,  and  flows  25,000  gallons  daily. 
with  no  variation  from  season  to  season.  The  water  has  a  tempera- 
ture of  96^  F.  Gas  is  constantl}^  escaping  and  the  water  is  known  to 
carry  iron  and  sulphur.  At  the  spring  a  bath  house  and  a  hotel  of  2o 
rooms  were  erected  some  years  ago.  Plans  have  been  drawn  for  a 
new  hotel  of  100  rooms,  new  bath  houses,  and  a  swimming  tank  60  feet 
long,  20  feet  wide,  and  7  feet  deep.     The  water  is  of  medicinal  value. 
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being  especially  healthful  in  diseases  of  the  stomach  and  kidneys. 
The  water  is  bottled  and  placed  on  the  market,  $1,200  worth  having 
been  sold  in  1902. 

SNOHOMISH  COUNTY. 

General  statem^mt. — Snohomish  County  is  located  in  the  northwest- 
ern  part  of  the  State,  between  Skagit  County  on  the  north  and  King 
County  on  the  south,  and  extends  from  the  summit  of  the  Cascades  to 
the  shores  of  Puget  Sound.  The  surface  of  the  western  third  of  the 
county  is  that  of  a  low  plain  either  level  or  covered  with  low  hills. 
The  eastern  two-thirds  has  a  mountainous  topography,  varying  from 
the  low  foothills  on  the  west  to  the  lofty  snow-  and  ice-covered  peaks 
on  the  main  divide.  The  mountains  have  been  trenched  by  Skykomish 
Kiver  and  the  North  and  South  forks  of  the  Stilaguamish,  all  of  which 
flow  in  deep  valleys.  These  rivers  have  in  general  a  westerly  course, 
and  the  watereheds  are  separated  by  bold  spurs  which  extend  outward 
from  the  main  mountain  mass. 

There  is  a  considerable  difference  between  the  rainfall  of  the  lowlands 
along  the  coast  and  that  in  the  high  mountains.  Along  the  western 
border  of  the  county  the  annual  minfall  averages  35  inches;  at  the  foot- 
hills of  the  mountains  it  is  50  inches;  while  within  the  mountains,  and 
especially  toward  the  eastern  summit,  it  reaches  60  inches  and  over.  In 
the  vicinity  of  Monte  Cristo,  about  Glacier  Peak,  and  elsewhere  in  the 
high  mountains  the  snowfall  is  very  heavy  and  great  tields  of  snow 
and  many  glaciers  are  the  result.  With  the  exceptions  of  the  high 
mountains  that  are  covered  with  snow  or  ice,  or  are  barren  of  soil, 
almost  all  parts  of  the  county  are  heavily  foi'ested.  The  best  timber 
is  found  on  the  plains  and  the  low  hills  in  the  western  part  of  the 
county  and  in  the  larger  valleys  of  the  mountains.  The  northeastern 
part,  embracing  over  a  third  of  the  county,  is  included  in  the  Wash- 
ington Forest  Reserve. 

In  the  western  end  of  the  county  the  bed  rock  appears  at  very  few 
places  because  of  the  great  thickness  of  the  glacial  sediments.  There 
are  a  few  outcrops  of  Tertiary  sandstones  and  shales,  which  are  not 
coal  bearing,  a^s  far  as  observed.  The  mountainous  portion  is  com- 
posed of  a  great  complex  of  metamorphic  rocks  with  many  varie- 
ties of  extrusive  and  intrusive  igneous  rocks.  The  water  supply  of 
the  county  is  obtained  in  part  from  the  mountain  streams  and  in  part 
from  the  glacial  deposits,  in  the  latter  case  either  from  springs  or  by 
means  of  wells.  The  several  sources  afford  a  very  satisfactory  supply, 
and  there  is  no  part  of  the  county  that  is  not  abundantly  provided 
with  water  of  the  finest  quality. 

Municipal  systetns, — The  town  of  Arlington  secures  water  from 
springs,  wells,  and  Stilaguamish  River.     Both  springs  and  wells  are 
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very  satisfactory,  a  large  supply  of  excellent  water  being  thus  obtained. 
The  wells  vary  in  depth  f rona  20  to  30  feet.  They  do  not  enter  the 
rock,  but  have  been  dug  wholly  in  clay,  sand,  and  gravel. 

Edmunds  secures  its  town  supply  of  water  almost  wholly  from 
springs,  only  a  few  wells  being  in  use.  The  springs  yield  a  supply 
that  is  satisfactory  in  both  quality  and  quantity.  A  gravity  system  of 
waterworks  is  used. 

Everett  obtains  a  supply  of  water  from  2  creeks,  one  flowing  within 
a  mile  and  the  other  within  2^  miles  of  the  city.  From  these  streams 
the  water  is  conveyed  through  pipes  of  22  and  8  inches  in  diameter  to  a 
reservoir  which  has  the  capacity  of  1,200,000  gallons.  From  the 
reservoir  the  water  is  distributed  by  a  gravity  system  throughout  the 
city.  The  water  is  free  from  contamination  and  highly  satisfactory 
in  every  way.  The  wells  in  the  region  about  Everett  vary  in  depth 
from  15  to  115  feet,  water  being  usually  found  at  about  100  feet.  The 
materials  penetrated  are  surface  soil,  glacial  till  or  hardpan,  and  finally 
sand  or  gravel,  which  yield  the  water.  Bed  rock  is  not  reached  even 
in  the  deepest  wells.  A  large  supply  of  good  water  may  be  obtained 
from  the  wells,  which  is  ample  in  quantity  for  domestic  demands.  The 
following  sanitary  analysis  of  the  city  water  of  Everett  was  made  by 
Prof.  H.  G.  Byers,  of  the  University  of  Washington,  on  January  10, 
1901: 

Analysis  of  cily  water  of  Everelt. 

[Parts  per  million.] 

Total  solids 300.  SO 

Nonvolatile  solids 252.  SO 

Volatile  solids 48.00 

Oxygen  consumed 7. 27 

Chlorine .* 4.80 

Nitrogen  as  free  ammonia 0. 020 

Nitrogen  as  albmninoid  ammonia 0. 060 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates ^ None*. 

In  Maiysville  the  water  supply  comes  exclusively  from  wells.  The 
wells  are  all  shallow,  since  the  town  is  located  on  the  flood  plain  of 
Snohomish  River.  The  water  is  soft,  of  good  quality,  and  satisfactory 
for  the  present,  at  least.  It  is  planned  to  use  at  some  future  time  the 
water  of  Lake  Stephens,  which  is  located  con\reniently  near. 

The  water  supply  for  Monroe  is  obtained  from  two  small  creek>. 
In  this  way  very  pure  water  is  had,  and  in  quantity  sufficient  for 
present  and  future  needs.  A  gravity  system  of  waterworks  b  in 
operation.  The  wells  are  from  18  to  50  feet  in  depth.  None  of  them 
enter  rock,  all  being  wholly  within  the  alluvial  materials  of  the  river 
valley.  An  analysis  of  water  from  the  Monroe  supply  was  made  by 
G.  L.  Tanzer,  of  Seattle,  on  August  3,  1903.  He  found  that  there 
was  0.049  grain  of  solid  matter  in  1   liter  (33.81  fluid  ounces)  of 
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water.  A  qualitative  analysis  of  the  solid  matter  showed  it  to  con- 
tain magnesium  and  sodium  chlorides,  with  a  trace  of  calcium  car- 
bonate. No  anmionia,  nitrogeneous  matter,  iron,  or  silicates  were 
found. 

Monte  Cristo  obtains  a  water  supply  from  a  mountain  stream,  using 
a  gravity  system.  The  water  comes  directly  from  the  snow  fields 
near  by  and  is  very  cold  and  pure.  The  quantity  is  greater  in  autumn 
and  spring  than  in  other  seasons,  but  probably  will  alwaj^s  be  equal  to 
every  demand.  Besides  its  uses  as  a  domestic  and  boiler  supply  it  is 
also  used  in  an  ore  concentrator. 

The  water  supply  of  Silverton  comes  from  mountain  streams  which 
head  in  the  fields  of  snow  and  ice  near  the  town.  The  water  is  there- 
fore- of  exceptional  purity  and  may  be  had  in  quantity  sufficient  for 
all  possible  needs.  It  is  used  as  a  domestic  supply,  for  water  power, 
and  in  concentrating  ore. 

Snohomish  secures  its  supply  from  Pilchuck  River,  a  stream  heading 
to  the  east  in  the  Cascade  Mountains.  The  water  is  pumped  into  a 
reservoir  having  a  capacity  of  500,000  gallons  and  is  then  distributed  by 
gravity.  There  are  no  sources  of  contamination  and  the  water  is  of 
good  quality.  The  quantity  is  suflSicient  for  all  future  needs.  The 
wells  about  Snohomish  range  in  depth  from  15  to  55  feet.  In  digging 
the  wells  glacial  till  or  hardpan  is  first  passed  through,  and  the  water 
is  obtained  from  the  beds  of  gravel  that  lie  below.  The  following 
sanitary  analysis  of  water  from  the  city  supply  was  made  by  Prof.  H.  G. 
Byers,  of  the  University  of  Washington: 

Analygis  of  cUy  water  from  Snohomish. 

[Parts  per  million.] 

Total  solidfl 41.50 

Nonvolatile  solids 23.22 

Volatile  solids 18.28 

Oxygen  consumed 3. 76 

Chlorine 4.00 

Nitrogen  as  free  ammonia 010 

Nitrogen  as  albuminoid  ammonia 093 

Nitrogen  as  nitrites None. 

N  i  trogen  as  nitrates 400 

• 

SPOKANE  COUNTY, 

General  statement. — Spokane  County  lies  in  the  extreme  eastern 
part  of  the  State,  with  Stevens  County  on  the  north,  Lincoln  County 
on  the  west,  and  Whitman  County  on  the  south.  In  the  main  the 
surface  is  that  of  a  plateau,  with  an  average  height  of  about  2,000  feet 
above  the  sea.  The  only  exceptions  to  the  plateau  aspect  to  be  noted 
are  the  mountains  in  the  northeast  corner,  of  which  Mount  Carl- 
ton is  the  highest,  and  the  high  hills  or  low  mountains  in  the  south- 
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eastern  part  along  the  Idaho  boundary.  The  principal  stream,  Spokane 
River,  flows  in  a  broad,  shallow  valley  from  the  eastern  border  of  the 
county  to  the  city  of  Spokane;  at  this  point  it  enters  a  canyon,  of  very 
moderate  depth  at  first,  but  gradually  deepening  as  the  river  flows 
northwestward  to  join  the  Columbia. 

The  average  rainfall  is  about  20  inches  per  year.  The  precipitation 
on  the  western  border  is  somewhat  less  than  this,  while  on  the  eastern 
side  it  is  a  little  more.  The  result  is  that  in  a  general  way  the  eastern 
half  of  the  county  is  forested,  while  the  western  half  is  a  prairie.  The 
grassy  plains  have  been  largely  replaced  by  wheat  fields,  since  the 
rainfall  is  always  ample  to  secure  a  crop  of  this  cereal.  The  forest 
growth  is  rather  sparse,  the  trees  are  of  only  moderate  size,  and  there 
is  little  undergrowth. 

Spokane  County  lies  partly  within  the  Columbia  River  lava  field, 
the  bed  rock  of  the  southwestern  half  being  basalt.  As  this  is  the 
border  line  of  the  lava  field  the  basalt  is  comparatively  thin  and  the 
underlying  rocks  occasionally  appear  through  it.  The  northwestern 
part  of  the  county  is  chiefly  a  granite  region,  with  occasional  areas  of 
gneiss  and  schist.  Among  these  rocks  basalt  often  appears  in  the 
form  of  narrow  tongues  which  have  extended  outward  from  the  main 
mass  of  lava.  The  valley  of  Spokane  River  in  Glacial  time  was  almost 
entirely  filled  by  a  gravel  train,  only  a  minor  portion  of  which  has 
been  removed.  At  Spokane  Falls  is  a  jutting  ledge  of  basalt,  and  the 
river  drops  130  feet.  Within  the  gravels  and  sands  of  the  river  val- 
leys good  water  is  obtained  by  means  of  deep  wells.  Upon  the  lava 
plateau  domestic  supplies  of  water  are  secured  from  wells  ranging 
from  30  to  135  feet  in  depth.  Some  of  the  basalt  is  porous,  and 
where  such  rock  outcrops  along  the  bases  of  hills  springs  are  often 
found. 

Municipal  systeniH. — Cheney  obtains  a  water  supply  from  a  lake  and 
from  wells.  The  lake  supply  is  the  more  commonly  used,  but  water 
from  the  wells  is  more  satisfactory.  An  ample  amount  is  secured  for 
the  present  and  doubtless  for  all  future  needs.  A  direct  pressure  sys- 
tem of  waterworks  is  in  use.  The  wells  vary  from  30  to  50  feet  in 
depth,  water  being  most  commonly  found  at  40  feet.  They  all  enter 
basalt  after  passing  through  a  lajer  of  clay  at  the  surface.  Very  good 
water  is  secured.  The  water  level  scarcely  varies  from  season  to  sea- 
son, and  is  not  affected  by  pumping. 

The  town  of  Medical  Lake  secures  water  from  Clear  Lake,  located 
3i  miles  to  the  south.  The  water  is  hard,  but  quite  satisfactory  other- 
wise. A  supply  suSicient  for  all  possible  demands  may  be  obtained. 
In  the  wells  about  Medical  Lake  water  is  usually  found  at  a  depth  of 
15  feet;  but  the  range  of  depth  of  the  wells  is  from  10  to  40  feet.  The 
wells  are  ail  in  basalt,  the  porous  or  scoriaceous  layers  of  the  rock 
being  water  bearing. 
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An  analysis  of  the  water  of  Medical  Lake,  made  by  G.  A  Mariner, 
of  Cliicago,  is  as  follows: 

AncUyns  of  water  of  Medical  Lake, 

[Parts  per  thoasand.] 

Silica 0.1825 

Alumina  and  iron  oxide 0120 

Calcium  carbonate 0031 

Magnesium  carbonate 0040 

Sodium  chloride 2809 

Potassium  chloride 1616 

Sodium  carbonate 1089 

Potassium  carbonate Trace. 

Lithium  carbonate Trace. 

Borax Trace. 

Hillyard  obtains  a  supply  of  water  from  deep  wells.  These  are  com- 
monly from  190  to  200  feet  in  depth  and  are  wholly  in  gravel.  The 
water  is  soft  and  of  the  best  quality.  The  supply  at  present  is  suffi- 
cient for  all  needs,  but  it  is  doubtful  if  it  will  be  ample  for  the  future. 

Liatah  uses  wells  exclusively  as  a  source  of  water  supply.  Later  on 
water  may  be  taken  from  a  large  spring  above  the  town.  The  wells 
are  shallow,  as  a  rule,  varying  in  depth  from  25  to  40  feet.  They 
enter  rock,  and  a  layer  of  clay  at  the  surface  tends  to  prevent  contam- 
ination from  above.  The  water  level  varies  but  little  throughout  the 
year.     One  well  sunk  to  a  depth  of  135  feet  flows  constantly. 

The  city  of  Spokane  obtains  its  supply  of  water  from  Spokane  River. 
The  pumping  plant  is  on  the  river  bank  about  5  miles  above  the  city. 
A  direct  pressure  system  of  waterworks  is  used.  There  are  no  sources 
of  contamination  and  the  water  is  of  a  high  degree  of  purity,  as  well  as 
ample  in  quantity  for  all  probable  future  needs. 

The  following  sanitary  analysis  of  city  water  from  Spokane  was 
made  on  April  23,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of 
Washington: 

Sanitary  analym  of  city  water  from  Spokane, 

[Parta  per  million.] 

Total  solids 50.24 

Nonvolatile  8oli<ls 34. 43 

Volatile  solids 15.81 

Oxygen  consumed ^ . . .    2. 13 

Chlorine 1.50 

Nitrogen  as  free  ammonia 004 

Nitrogen  as  albuminoid  ammonia 0303 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 018 

Deep  wells, — The  Hillyard  Town  Site  Company  has  a  well  which  is 
used  to  supply  the  town  of  Hillyai'd  with  water.     It  has  a  diameter  of 
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'14  inches  and  a  depth  of  200  feet.  It  was  dug  in  1900  at  a  cost  of 
9500.  The  amount  of  water  obtained  is  about  50,000  gallons  per  day. 
The  water  level  in  the  well  rises  and  falls  with  the  water  level  of 
Spokane  River,  which  flows  not  far  away. 

Springs. — William  Forthman  owns  a  spring  near  Latah,  in  sec.  26, 
T.  21  N.,  R.  45  E.  The  water  issues  as  a  small  stream  at  the  foot  of  a 
hill.  The  spring  has  a  minimum  flow  of  720  gallons  per  day  and  is 
much  stronger  in  the  springtime.  The  water  is  soft,  clear,  and  of 
excellent  quality.  It  is  used  for  general  farm  purposes.  In  the 
vicinity  of  Latah  are  a  number  of  large  springs. 

STEVENS  COUNTY. 

General  sta/tement. — Stevens  County  lies  in  the  northeast  corner  of 
the  State,  bordering  on  Idaho  and  British  Columbia.  The  surface  is 
characterized  by  three  conspicuous  mountain  ridges  and  three  north- 
south  valleys.  The  ridges  lie  between  Columbia  and  CoIviUe  rivers, 
between  Colville  and  Pend  Oreille  rivers,  and  east  of  the  latter  stream 
along  the  county  boundary.  Of  the  three  ridges  the  first  one  men- 
tioned is  the  lowest,  with  an  average  height  of  about  4,500  feet.  The 
secpnd  and  third  ridges  have  a  maximum  elevation  of  about  7,000  feet. 
Columbia  River  flows  in  a  deep  valley  that  is  usually  bordered  by 
glacial  terraces.  The  valley  of  Colville  River  is  wide  and  the  stream 
has  an  extensive  flood  plain,  which  overflows  at  certain  seasons  of  the 
year.  For  the  first  50  miles  of  its  course  within  the  county  Pend 
Oreille  River  flows  very  slowly,  in  a  broad  valley  that  is  bordered  with 
much  agricultural  land;  farther  down  the  stream  crosses  a  belt  of 
harder  rocks,  in  which  it  flows  in  a  long,  tortuous  canyon. 

The  rainfall  averages  about  20  inches  per  year.  This  is  suflicient  to 
permit  of  agriculture  without  irrigation.  Practically  the  entire  county 
was  once  forested,  although  the  region  seems  to  be  near  the  border 
land  of  forest  and  prairie.  The  trees  do  not  grow  very  near  together 
and  the  undergrowth  is  very  scant.  As  a  rule  the  grasses  grow  every- 
where among  the  trees.  The  forest  is  being  removed  at  a  i*apid  rate. 
the  demands  of  the  lumbermen  on  one  hand  and  of  the  farmers  on  the 
other  tending  toward  the  deforesting  of  the  county  in  a  comparatively 
short  time. 

Stevens  County  is  largely  a  region  of  crystalline  rocks.  The  north- 
south  ridges  between  the  principal  streams  are  composed  chiefly  of 
granite.  Flanking  the  granites  and  within  the  valleys  are  large  areas 
of  marbles,  quartzites,  slates,  and  other  metamorphic  rocks.  The 
marbles  occur  very  generally  throughout  the  countj^  and  are  of  eco- 
nomic importance  both  as  an  ornamental  stone  and  for  the  manufacture 
of  quicklime.  At  several  places-  are  outcrops  of  coal-bearing  sand- 
stones and  shales,  which  represent  remnants  of  lacustrine  sediments  of 
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Teilmry  time.  The  basalt  of  the  Columbia  Biver  lava  extendi^  a  little 
way  into  the  county  along  the  southern  boundary.  The  towns  depend 
for  the  most  part  upon  streams  for  their  water  supplies.  The  water 
in  virtually  every  stream  is  free  from  contamination  and  is  of  excellent 
quality.  In  general,  the  soil  is  of  sufficient  thickness  to  contain  enough 
water  for  the  domestic  supplies  needed  in  the  smaller  towns  and 
through  the  country.  The  wells  for  the  most  part  are  shallow  and  do 
not  often  exceed  40  or  50  feet  in  depth. 

Municipal  systems. — Bossburg  secures  water  from  Columbia  River, 
beside  which  the  town  is  situated.  The  water  is  pumped  into  a  res- 
ervoir, from  which  it  is  distributed  about  the  town  by  gravity.  The 
supply  is  satisfactory  in  every  way.  There  are  no  wells  about  Boss- 
burg, but  there  are  some  springs  which  are  utilized. 

Colville  depends  mainly  upon  springs,  but  in  part  upon  two  streams, 
for  its  water  supply.  The  water  from  all  of  these  is  of  fine  quality, 
there  being  no  sources  of  contamination.  A.  gravity  system  of  water- 
works has  been  installed.  The  wells  about  Colville  range  in  depth 
from  10  to  30  feet,  the  usual  depth  being  20  feet.  The  water  comes 
from  beds  of  sand,  which  are  overlain  by  clay. 

Water  for  Marcus  is  taken  from  Columbia  River.  The  water  is 
satisfactory  from  all  standpoints.  The  wells  vary  from  18  to  60 
feet  in  depth.  Beds  of  clay  are  first  penetrated,  then  sand,  and  finally 
gravel. 

Northport  obtains  its  water  supply  from  Deep  Creek,  a  small  stream 
emptying  into  Columbia  River.  There  are  no  sources  of  contamination, 
and  the  water  is  satisfactory,  although  very  hard.  A  large  amount  may 
be  secured,  sufficient  for  all  future  needs.  The  water  is  first  pumped 
into  tanks  which  stand  upon  a  hill  above  the  town  and  is  then  distrib- 
uted by  gravity.  Besides  its  domestic  use  it  is  also  used  as  a  boiler 
supply  by  the  Northport  Smelting  and  Refining  Company. 

The  water  for  Springdale  is  taken  from  a  mountain  stream.  The 
spring  flows  for  some  distance  over  limestone*,  hence  the  water  con- 
tains some  lime.  The  supply  is  believed  to  be  sufficient  for  all  future 
needs.  A  gravity  system  of  waterworks  is  in  use.  The  wells  about 
Springdale  range  from  80  to  100  feet  in  depth,  water  being  commonly 
folind  at  depths  of  40  to  60  feet.  The  more  shallow  wells  are  wholly 
in  the  soil  or  mantle  rock,  but  the  deeper  wells  all  enter  bed  rock. 

Deep  wdU. — In  sec.  9,  T.  35  N.,  R.  39  E.,  near  Colville,  the  Pacific 
States  Oil  Company  drilled  a  well  in  1901  when  prospecting  for  oil. 
The  total  depth  reached  was  about  700  feet.  At  the  top  the  well  has 
a  diameter  of  10  inches,  at  the  bottom  6  inches.  A  water-bearing 
stratum  was  reached  at  400  feet,  and  water  now  flows  from  the  well 
mouth  at  the  rate  of  3  or  4  gallons  per  minute.  The  cost  of  the  well 
was  $3,000.  In  drilling  the  well,  beds  of  limestone,  sandstone,  lime- 
stone, shale,  and  sandstone  were  passed  through  in  succession. 
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THURSTON  COUNTY. 

Oeneral  statement. — Thurston  County  is  located  in  the  southwestern 
portion  of  the  State,  at  the  head  of  Puget  Sound,  with  Chehalis  County 
lying  between  it  and  the  Pacific  Ocean.  The  county  lies  entirely 
within  the  basin  of  Puget  Sound  and  the  surface  is  essentially  that  of 
a  low  plain.  For  the  most  part  the  plain  is  quite  level,  with  here  and 
there  occasional  low  hills.  In  the  western  part  of  the  county  the  Black 
Hills  rise  300  or  400  feet  above  the  general  level.  In  the  southeastern 
part  of  the  county  there  are  a  few  low  hills  which  mark  the  extreme 
outliers  of  the  Cascades.  The  Puget  Sound  shore  is  very  irr^ular, 
abounding  in  indentations  and  bordered  by  numerous  islands. 

In  the  central  part  of  the  county  the  annual  rainfall  averages  5<> 
inches.  In  the  eastern  and  western  parts  it  is  60  inches  or  a  little 
more.  The  precipitation  is  practically  altogether  in  the  form  of  rain, 
since  falls  of  snow  occur  very  rarely. 

The  bed  rock  is  not  often  exposed  in  Thurston  County.  In  the 
neighborhood  of  Tenino  and  Bucoda  there  are  occasional  outcrops  of 
sandstone,  which  are  of  economic  importance,  as  they  afford  a  good 
grade  of  building  stone,  and  also  contain  coal,  which  has  been  mined 
to  some  extent.  In  the  northwestern  part  of  the  county,  at  Gate,  there 
are  several  outcrops  of  basalt,  but  how  far  north,  within  the  Black 
Hills,  this  rock  extends  is  not  known.  Glacial  sediments  abound 
over  nearly  the  entire  county.  These  sediments  are  usually  coarse 
gravels  which  represent  outwash  plains.  Oftentimes  the  gravel  plains 
are  soil  covered  to  such  a  slight  degree  that  they  are  almost  barren. 
Upon  the  plains  the  forest  growth  when  present  is  very  sparse  and 
prairie  conditions  often  prevail.  The  rainwater  sinks  away  quickly 
into  the  gravels  and  the  drainage  is  largely  underground.  The  stream-^ 
are  few,  only  the  larger  ones  flowing  persistently  throughout  the  3-ear. 
Occasionally  a  good  soil  covers  the  gravel  plains  and  good  farming 
land  is  found.  The  hills  noted  above  are  heavilv  forested,  and  from 
them  several  streams  flow  out  upon  the  plains.  An  ample  supply  i>f 
water  is  easily  obtained  throughout  the  county'.  Within  the  rej^on 
of  the  gravel  plains  water  is  often  obtained  from  springs  and  may 
always  be  had  by  means  of  wells,  which  rarely  exceed  50  feet  in  depth. 
From  the  beds  of  sand  and  gravel  in  the  vicinity  of  Olympia  exeelleni 
water  has  been  obtained  from  wells  that  vary  from  125  to  175  feet  in 
depth,  the  water  sometimes  outflowing  at  the  surface. 

Mioitc! pal  systems, — The  water  supply  for  Olympia  is  obtained  from 
springs.  The  water  is  pumped  into  a  reservoir,  from  which  it  is  di**- 
tributed  by  a  gravity  system.  At  the  present  time  al>out  3,<XK»J»''' 
gallons  per  day  are  olitained.  This  will  doubtless  prove  sufficient  f'»r 
all  future  needs. 
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The  Tenino  water  supply  comes  entirely  from  wells,  which  have  an 
average  depth  of  about  35  feet  and  are  wholly  in  sand  and  gravel. 
The  supply  of  water,  while  ample  for  present  needs,  will  doubtless  have 
to  be  superseded  by  a  larger  supply  in  the  future. 

Deep  wdls. — On  the  capitol  grounds  in  Olympia  some  wells  have 
recently  been  drilled  in  order  to  secure  a  water  supply  for  the  capitol 
building.  No  rock  was  penetrated  in  drilling  the  wells,  the  water- 
bearing material  being  sand.  Two  of  these  wells  have  depths  of  152 
feet  each,  and  the  third  has  a  depth  of  138  feet.  Each  well  has  a 
diameter  of  2  inches.  The}'  are  all  flowing  wells,  the  water  rising 
about  2  feet  above  the  ground.  From  the  deeper  wells  flows  of  6  and 
4  gallons  per  minute  are  obtained,  while  from  the  third  well  a  flow  of 
2  gallons  per  minute  is  had.  The  wells  are  located  about  one-fourth 
mile  from  the  shore  of  Puget  Sound  and  their  mouths  are  25  or  30 
feet  above  mean  tide.  The  rate  of  flow  diminishes  at  low  tide  and 
increases  at  high  tide.  The  wells  have  been  cased  throughout  with 
2-inch  casing.     The  cost  of  drilling  the  wells  was  %\  per  foot. 

WAIiliAWAIiliA  COUNTY. 

General  statement. — Wallawalla  County  is  located  in  the  south- 
eastern part  of  the  State,  along  the  Oregon  boundar}',  and  east  of 
Columbia  and  Spokane  rivers.  The  region  along  Columbia  River  is 
very  low,  being  but  300  or  400  feet  above  the  sea.  From  this  low 
plain  there  is  a  gradual  *ascent  eastward  in  the  direction  of  the  Blue 
Mountains.  The  eastern  part  of  the  county  is  a  region  of  high,  rolling 
hills,  with  deep  ravines  or  valleys.  The  hills  in  outline  show  the 
influence  of  the  wind,  and  many  of  them  are  essentially  of  eolian 
origin.  The  prevailing  winds  are  from  the  southwest,  and  hence  the 
hills  have  their  more  moderate  slopes  upon  their  southwestern  sides, 
while  their  steeper  slopes  are  to  the  northeast. 

The  rainfall  shows  a  very  close  relationship  to  elevation.  In  the 
lowest  part,  along  Columbia  Kiver,  the  annual  rainfall  amounts  to  10 
inches  or  a  little  less.  In  a  north-south  belt  through  the  center  of 
the  county  it  is  15  inches,  and  in  the  eastern  part  it  reaches  20  or  25 
inches.  This  is  sufficient  to  afford  a  tree  growth  which,  though 
sparse  at  first,  becomes  of  considerable  importance  when  the  summit 
of  the  Blue  Mountains  is  reached.  Through  the  central  part  of  the 
county  trees  do  not  grow  naturally,  and  prairie  conditions  prevail.  At 
the  western  end  of  the  county,  where  the  rainfall  is  least,  grasses  give 
wa}^  to  sagebrush.  In  this  part  of  the  county  irrigation  is  necessary 
in  order  that  agriculture  may  be  carried  on  successfully.  The  rolling 
prairies  of  the  major  portion  of  the  county  are  famous  wheat  pro- 
ducers, and  in  the  neighborhood  of  Walla  Walla  very  fine  fruit  is 
raised. 
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In  the  northwestern  part  of  the  county  the  rocks  are  in  the  maiD 
sandstones  and  shales,  which  were  deposited  in  a  lake  in  middle  Ter- 
tiary time.  Along  the  Snake  and  the  Columbia  these  rocks  are  lai^ly 
covered  by  alluvial  deposits.  In  the  remaining  part  of  the  coanty  the 
bed  rock,  as  far  as  known,  is  altogether  basalt.  Usually  the  reek  h 
deeply  buried  by  the  heavy  mantle  of  soil,  and  outcrops  but  rarely. 
Springs  often  occur  along  the  bases  of  the  hillsides,  wherever  porou< 
basalt  appears  at  the  surface.  The  wells  are  usually  shallow  and  du^ 
entirely  within  the  soil.  The  deep  well  which  has  recently  been  drilled 
near  Walla  Walla  is  of  great  importance,  since  it  has  established  the 
fact  that  an  artesian  basin  exists  here,  and  that  flowing  water  may  be 
secured  at  depths  of  from  500  to  600  feet. 

Municipal  systeTm, — ^The  water  supply  of  Walla  Walla  is  secured 
chiefly  from  springs,  but  in  part  from  infiltration  ditches.  The  amount 
of  water  is  barely  sufficient  in  the  dry  season,  and  a  larger  supply  ij-i 
now  being  developed  at  a  point  about  3  miles  above  the  city. 

A  sanitary  analyses  of  the  Walla  Walla  city  water,  made  on  April 
12,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington^ 
resulted  as  follows: 

Sanitary  analyns  of  cUy  wcUer  from  Walla  WaUa. 

[Parts  per  million.] 

Total  BolidB 81.67 

Nonvolatile  solids  . . ; 62. 86 

Volatile  flolidfl 18.81 

Oxygen  consamed 2. 89 

Chlorine 1.50 

Nitrogen  as  free  amonia 008 

Nitrogen  as  albuminoid  ammonia 0267 

Nitrogen  as  nitrites None- 

Nitrogen  as  nitrates 452 

Waitsburg  obtains  a  water  supply  from  springs  in  «utumn,  winter, 
and  spring,  and  from  a  creek  in  summer.  The  springs  afford  excellent 
water,  and  it  is  planned  to  replace  the  creek  water  by  water  from  deep 
wells.  A  gravity  system  of  waterworks  is  in  use.  The  wells  about 
Waitsburg  vary  in  depth,  the  shallow  ones  being  wholly  in  soil  and 
broken  rock,  while  the  deeper  ones  enter  the  bed  rock.  In  wells  of 
the  first  type  water  is  usually  found  at  15  to  25  feet,  while  in  tbt» 
second  instance  the  usual  depth  is  40  feet. 

Deep  wells. — On  the  farm  of  the  Blalock  Fruit  Company,  near  WalLi 
Walla,  a  well  has  recently  been  drilled  (completed  May  1,  1903).  It 
has  a  diameter  of  6  inches  and  a  depth  of  564  feet.  The  first  rot  k 
encountered  was  basalt,  at  a  depth  of  540  feet.  The  well  is  a  flowing 
one,  the  rate  of  flow  being  180  gallons  per  minute.  The  temperature 
of  the  water  at  the  well  mouth  is  67°  F.  The  well  has  been  cased  to  a 
depth  of  540  feet.  The  water  is  used  in  irrigation.  The  cost  of  drill- 
ing the  well  was  $1,800. 
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WHATCOM  COUNTY. 

General  statement. — Whatcom  County  lies  in  the  northwestern  '£>art 
of  the  State,  adjoining  British  Columbia,  and  extends  from  the  summit 
of  the  Cascades  to  the  Strait  of  Georgia.  Topographically  the  surface 
presents  two  distinct  divisions,  the  plain  of  the  western  half  and  the 
high  mountains  of  the  eastern  part.  The  average  height  of  the  plain 
is  200  or  300  feet  above  the  sea.  In  the  southeastern  part  of  the 
county  are  a  number  of  high  hills,  which  give  to  the  plain  a  broken 
character.  The  mountains  begin  somewhat  abruptly,  the  transition 
from  the  plain  to  the  real  mountains  being  quickly  made.  The  highest 
peak,  Mount  Baker,  stands  at  the  western  front  of  the  Cascades,  and 
from  this  point  to  the  divide  on  the  east  the  whole  area  is  very  rugged. 
The  high  mountains  have  been  deeply  dissected,  and  this  region  is 
regarded  as  one  of  the  most  difficult  to  penetrate  in  the  entire 
Cascades. 

The  maximum  rainfall  is  45  inches  per  year.  This  occurs  in  a 
north-south  belt  in  the  vicinity  of  Mount  Baker  and  also  in  the  north- 
west comer  of  the  county.  From  Mount  Baker  eastward  there  is  a 
gradual  decrease  in  the  rainfall,  so  that  the  amount  is  about  30  inches 
on  the  border  of  the  county.  Southwest  of  Mount  Baker,  also,  the 
rainfall  decreases  to  35  inches  in  the  vicinity  of  Bellingham  Bay. 
Mount  Baker  and  all  of  the  highest  mountains  are  covered  with  snow 
fields  and  glaciers.  These  serve  as  reservoirs  and  assure  a  constant 
flow  to  the  streams  throughout  the  year.  The  abundance  of  precipi- 
tation and  the  great  elevations  of  the  region  give  rise  to  .waterfalls, 
which  will  be  of  great  usefulness  for  power  purposes.  The  falls  of 
the  Nooksack,  with  an  eflfective  head  of  water  of  179  feet,  are  now 
being  developed. 

What  is  now  the  western  part  of  the  county  was  a  large  lake  in 
Tertiary  (probably  Oligocene)  time.  The  deposits  made  in  this  lake 
were  mainly  sandstones,  with  some  conglomerate  and  a  little  shale. 
These  rocks  outcrop  very  commonly  in  the  southeastern  part  of  the 
county,  but  in  the  northwestern  portion  they  are  almost  entire!}' 
covered  with  glacial  sediments.  The  lacustrine  sediments  aggregate 
many  thousands  of  feet  in  thickness,  their  extent  in  this  direction 
being  as  yet  unknown.  They  are  coal  bearing  near  the  base.  The 
principal  mines  for  the  mining  of  this  coal  are  located  at  Blue  Canyon, 
on  the  shore  of  Lake  Whatcom.  The  mountainous  part  of  the  count}' 
is  virtually  unknown  geologically,  but  the  rocks  are  chiefl\'  raetamor- 
phics  and  igneous  intrusions,  with  great  lava  flows  in  the  vicinity  of 
Mount  Baker. 

Whatcom  County  is  abundantly  supplfed  with  water.  The  moun- 
tain streams  furnish  a  large  amount  of  excellent  water  for  the  use  of 
the  towns  upon  the  plains.    There  are  also  a  number  of  glacial  lakes. 
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such  as  Whatcom,  Padden,  and  Samish,  which  are  natural  re8ervo;^ 
of  good  water.  From  the  glacial  sediments  of  the  northwestern  part 
of  the  county  large  quantities  of  water  are  obtained  from  springs  or 
by  means  of  wells.  The  glacial  sediments  are  usually  made  up  of 
alternating  beds  of  till  and  water-bearing  gravel  and  sand,  and  sur- 
face contamination  is  thereby  eliminated. 

Municipal  systenfis. — The  water  supply  for  Blaine  comes  from 
springs.  The  water  flows  into  a  reservoir,  from  which  it  is  distributed 
by  gravity.  The  quality  of  water  is  very  good,  and  the  quantity 
sufficient  for  all  future  needs.  The  wells  in  use  about  Blaine  an" 
shallow,  ordinarily  not  more  than  14  feet  in  depth.  Water  is  found 
in  gravel,  usually  at  a  depth  of  10  feet.  The  town  supply  is  used  in 
the  boilers  of  sawmills,  and  in  the  salmon  canneries,  and  for  general 
domestic  purposes. 

Fairhaven  obtains  a  water  supply  from  Lake  Padden,  a  glacial  lake 
south  of  the  city.  A  gravity  system  of  waterworks  is  used.  A  largi* 
amount  of  water  may  be  obtained  from  this  lake,  but  if  the  supply 
should  ever  be  insufficient  water  may  also  be  taken  from  the  South 
Fork  of  Nooksak  River  or  from  Lake  Samish.  The  water  from  L^ke 
Padden  is  very  pure,  as  is  shown  by  the  following  analysis,  made  by 
the  Deakbof  Drug  and  Chemical  Company,  of  Chicago: 

Analysis  of  ivater  from  Lake  Padden, 

[Grains  per  gallon.] 

Silica 0.467 

Calcium  sulphate 329 

Magnesium  carbonate 129 

Sodium  and  potassium  sulphates 006 

Sodium  and  potassium  chlorides 401 

Iron  oxide None. 

Total  solids 1.932 

In  Sumas  wells  are  depended  upon,  primarily,  as  a  source  of  water 
supply,  although  some  small  streams  are  used  to  a  slight  degree. 
Water  obtained  in  this  way  is  of  good  qualit}^  although  the  quantity 
is  hardly  sufficient  for  present  needs,  and  some  other  source  mast  be 
provided  in  the  future.  It  has  been  suggested  that  a  deep  well  be 
bored  as  a  future  source  of  supply.  Wells  in  and  about  the  town  of 
Sumas  are  driven  wells,  for  the  most  part,  and  have  a  range  in  depth 
of  40  to  90  feet.  Water  is  most  commonly  found  between  40  and 
60  feet.  The  glacial  sediments  about  Sumas  are  thick,  and  the  wells 
have  been  driven  entirely  in  these.  Beds  of  clay  were  usually 
encountered  first,  with  beds  of  sand  and  gravel  below,  from  which  the 
water  was  obtained.  In  a  few  instances  the  water  in  the  wells  rises 
to  the  surface.  The  water  level  varies  but  very  little  from  season  to 
season. 
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The  city  of  Whatcom  obtains  its  water  supply  from  Lake  Whatcom. 
The  lake  is  several  square  miles  in  area  and  is  located  in  the  hills 
southwest  of  the  city.  It  lies  at  a  sufficient  height  above  the  level  of 
the  town  to  give  a  good  head  to  the  water,  so  that  a  gravity  system 
of  waterworks  may  be  used.  The  water  is  of  excellent  quality,  the 
only  sources  of  contamination  being  sawdust  and  other  refuse  from 
the  sawmills  on  the  shores  of  the  lake.  The  catchment  basin  of  the 
lake  is  of  ample  size  and  insures  a  large  storage  of  water  in  the  lake 
basin,  so  that  the  water  supply  will  be  sufficient  for  all  the  future  needs 
of  the  city.  The  water  is  used  for  domestic  purposes  and  in  the  many 
manufacturing  plants  which  are  located  about  Whatcom.  The  follow- 
ing sanitary  analysis  of  water  from  Lake  Whatcom  was  made  March  16, 
1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington: 

Ancdygiif  of  waier  of  Lake  Whatcom. 

[Parts  per  million.] 

Total  solids 158.86 

Nonvolatile  soiids 116. 52 

Volatile  solids 42.34 

Oxy^n  consumed 2. 03 

Chlorine 3.80 

Nitrof^n  as  free  ammonia 004 

Nitrogen  as  albuminoid  ammonia 033 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates None. 

WHITMAN  COUNTY. 

General  gtaietnerd, — Whitman  County  lies  along  the  Idaho  boundary, 
south  of  Spokane  County  and  east  of  Adams  County.  The  surface  is 
in  general  that  of  a  plateau,  with  an  average  height  of  about  2,000  feet 
above  the  sea.  Rising  above  the  plateau,  especially  along  the  eastern 
border  of  the  county,  are  several  high  hills  which  represent  the  extreme 
outliers  of  the  mountains  of  Idaho.  Of  such  hills  Steptoe  Butte  is  a 
good  example,  rising  about  700  feet  above  the  plateau.  The  plateau 
is  generally  covered  with  low  hills  of  a  marked  eolian  type.  From  the 
profiles  of  these  hills  it  is  seen  that  the  prevailing  winds  which  fashioned 
them  came  from  the  southwest.  Along  the  southern  border  of  the 
county  Snake  River  flows  in  a  canyon  which  has  a  depth  of  from  2,000 
to  3,000  feet  below  the  level  of  the  plateau.  The  principal  tributaries 
of  the  Snake  within  the  county  likewise  flow  in  canyons,  and  hence 
indicate  that  the  dissection  of  the  plateau  is  under  way. 

The  average  rainfall  is  about  20  inches.  This  decreases  to  15  inches 
along  the  western  border  and  increases  to  25  inches  in  the  higher 
portion  along  the  eastern  boundary.  With  the  exception  of  a  slight 
forest  growth  on  the  eastern  margin  and  of  a  few  trees  which  grow  in 
the  valleys  along  the  streams,  the  entire  county  was  once  clothed  with 
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grasses.  The  rainfall  is  of  sufficient  amount  to  make  the  growtfa  of 
wheat  possible,  so  that  wheat  fields  now  cover  almost  every  part  of 
the  plateau.  Irrigation  is  employed  only  in  the  canyons  of  the  larger 
streams,  such  as  the  Snake.  Upon  the  terraces  or  benches  that  border 
the  latter  river  large  fruit  ranches  are  found,  the  water  for  irrigation 
being  supplied  by  the  small  tributary  streams. 

In  the  plateau  above  mentioned  basalt  forms  the  bed  rock  almost 
exclusively.  The  few  buttes  or  hills  along  the  eastern  boundary, 
which  project  above  the  plateau,  are  composed  of  granites,  g'neisses, 
schists,  quartzites,  and  similar  rocks,  which  indicate  the  character  of 
the  floor  upon  which  the  basalt  outflowed.  Along  the  canyon  of  Snake 
River  in  two  or  three  places  granite  appears,  showing  that  the  river 
in  trenching  the  basalt  is  bringing  to  light  the  rocks  beneath  it.  The 
walls  of  the  canyon  of  Snake  River  show  the  basalt  in  a  series  of 
8  or  10  practically  horizontal  flows.  The  plateau  is  covered  with  a 
deep  soil  and  the  underlying  rock  rarely  appears.  Because  of  its 
eolian  nature  the  soil  is  of  a  very  fine  grain  and  has  the  property  of 
retaining  moisture  to  a  very  marked  degree.  Oftentimes  wells  dug 
only  into  the  soil  afford  a  good  supply  of  water.  The  tovnis  usually 
depend  upon  deeper  wells  drilled  into  the  basalt  for  their  water  sup- 
plies. As  a  general  thing  these  wells  range  in  depth  from  100  to  3iK' 
feet.  In  some  instances,  as  at  Pullman,  water  is  obtained  from  beds 
of  sand  and  gravel  between  the  layers  of  basalt.  In  other  cases  ven* 
porous  layers  of  basalt  often  afford  a  plentiful  supply  of  water.  In 
some  cases  flowing  wells  are  secured,  this  being  especially  true  when 
the  wells  are  drilled  in  the  bottoms  of  the  canyons  or  in  deep  valleys. 
Springs  are  very  common  along  the  valley  sides  wherever  porou? 
basalt  appears  at  the  surface. 

Municipal  systems. — Colfax  obtains  its  city  supply  from  Palou^e 
River.  In  this  way  very  good  water  is  obtained;  but  it  is  possible 
that  in  the  future  deep  wells  may  be  substituted  as  a  source  of  supply. 
The  water  is  pumped  into  a  reservoir  located  on  a  hill  above  the  city. 
from  which  it  is  distributed  by  gravity.  The  wells  about  Colfax 
range  from  12  to  120  feet  in  depth.  Water  is  usually  found  at  a 
depth  of  about  40  feet.  All  the  deeper  wells  enter  the  rock,  which  Lf 
basalt.  No  flowing  wells  have  been  found;  in  every  instance  the  water 
must  be  pumped. 

Oakesdale  depends  chiefly  upon  wells,  although  a  few  sprin^^  and 
cisterns  are  used.  At  some  places  the  water  is  soft,  but  at  other  places 
it  is  hard.  Generally  speaking,  there  are  no  sources  of  contaminados 
and  the  water  is  quite  satisfactory.  The  wells  on  the  hills  about  Oake:^ 
dale  have  been  sunk  to  depths  of  f rpm  46  to  60  feet  in  order  to  obtain 
water.  On  the  {dain  at  the  foot  of  the  hills  they  are  shallow,  ranifiQ^: 
from  10  to  15  feet  in  depth.  In  the  shallow  wells  a  clay  hardpan  wita 
sand  and  gravel  below  are  the  only  materials  penetrated,  while  all  tint 
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aeeper  wells  enter  the  basaltic  rock.    The  supply  of  water  in  the  wells 
is  stationary,  neither  increasing  nor  decreasing  as  far  as  known. 

Pullman  obtains  a  water  supply  from  artesian  wells.  The  wells 
vary  in  depth  from  100  to  130  feet,  water  being  most  commonly  found 
at  100  feet.  The  wells  are  in  basaltic  rock,  the  water  coming  from 
beds  of  sand  interstratified  with  the  layers  of  basalt.  About  150,000 
gallons  of  water  are  obtained  daily.  The  capacity  of  the  wells,  how- 
ever, is  such  that  this  supply  could  be  doubled  if  it  were  necessary. 
It  is  noted  that  the  wells  do  not  flow  as  strongly  as  they  did  when  they 
were  first  drilled.  A  gravity  system  of  waterworks  is  used,  the  water 
being  first  lifted  by  steam  pumps  from  the  wells  to  a  reservoir.  An 
analysis  of  the  city  water,  made  by  Prof.  Elton  Fulmer,  of  the  Wash- 
ington Agricultural  College  and  School  of  Science,  shows  the  follow- 
ing composition: 

Analysig  of  city  water  from  Pullman. 
[Grains  per  gallon.] 

Silica  (SiO,) 3.49 

Potash  (K,0) 60 

8oda(Na,0) 1.75 

Lime(OaO) 1.86 

Magnesia  (MgO) , 1.31 

Iron  oxide  ( Fe,Oj ) 06 

Alumina  (Al,Oa) 03 

Bulphuricacid  (80,) 08 

Carbonic  acid  (CO,) 3.73 

Chlorine .15 

Total  soUds 12.96 

Tekoa  depends  entirely  upon  an  artesian  well  for  its  water  supply. 
From  this  well  water  of  a  good  quality  is  obtained,  there  being  no 
contamination  as  far  as  known.  The  supply  is  at  present  sufficient, 
but  will  not  be  large  enough  in  the  future.  In  the  region  about 
Tekoa  water  is  most  commonly  found  at  a  depth  of  about  100  feet, 
although  some  of  the  wells  reach  depths  of  175  feet.  All  of  the  wells 
enter  rock.  In  most  instances  the  water  rises  to  the  surface,  and  in 
some  cases  reaches  a  height  of  10  feet  above  the  mouth  of  the  well. 

Uniontown  obtains  its  water  supply  from  a  deep  well.  The  water 
is  soft  and  very  satisfactory  in  every  way,  and  the  quantity  is  ample 
for  present  needs  at  least.  The  deepest  wells  about  Uniontown  have 
a  depth  of  about  200  feet.  These  wells  enter  the  rock  and  obtain  water 
from  beds  of  sand  and  gravel  intercalated  with  basalt.  There  are 
some  surface  wells  which  do  not  enter  the  rock  and  which  are  from  7 
to  10  feet  in  depth.  In  none  of  the  wells  does  the  water  rise  to  the 
surface.  The  water  level  does  not  vary  during  the  day  or  year  and  is 
not  affected  by  pumping. 

Deep  wells. — About  Palouse  a  number  of  wells  have  been  drilled. 
In  general  they  have  a  diameter  of  6  inches  and  a  depth  of  from  100 
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to  300  feet.  The  depth  to  the  principal  source  of  water  is,  on  the 
average,  160  feet.  The  water  is  found  in  beds  of  sand  which  lie 
below  a  capping  of  basalt.  From  some  of  the  wells  the  water  flowj^, 
while  in  others  the  water  level  stands  below  the  surface  and  pumping!: 
must  be  resorted  to.  The  level  does  not  vary  during  the  day  or  3'ear, 
the  supply  being  constant  from  season  to  season.  The  water  as  a  rule 
is  hard,  generally  containing  magnesia  and  iron.  The  usual  tempera- 
ture of  the  water  at  the  well  mouth  is  50^  F.  The  wells  are  mostlv 
owned  by  farmers,  and  the  water  is  used  for  general  farm  supply. 
The  avei-age  cost  of  a  well  is  $300,  while  the  pumping  machinerv  costs 
from  $100  to  $200.  As  a  rule  the  wells  are  only  paiiiially  cased,  the 
length  of  casing  varying  from  20  to  120  feet. 

In  and  about  the  city  of  Pullman  are  a  number  of  artesian  wells,  of 
which  the  two  owned  by  the  city  and  used  as  a  source  of  municipal 
water  supply  may  be  taken  as  types.  One  of  these  wells  was  drilled 
in  1890  and  the  other  in  1899.  They  are  located  near  the  bed  of  a 
stream  which  flows  through  the  center  of  the  city^.  The  mouths  of  the 
wells  are  at  an  elevation  of  2,341  feet  above  the  sea.  f^h  well  has  a 
depth  of  110  feet,  with  a  diameter  of  6  inches.  The  wells  flow  and  the 
water  rises  to  a  height  of  19  feet  above  the  surface.  The  temperature 
of  the  water  at  the  well  mouth  is  about  60^  F.  The  supply  of  water 
has  decreased  since  the  wells  were  drilled.  Both  wells  are  cased 
throughout  with  6-inch  heavy  wrought-iron  pipe.  The  cost  of  each 
well  was  about  $450,  and  the  cost  of  the  pumping  machinery  necessary 
to  lift  the  water  to  the  reservoir  was  about  $3,000. 

In  Tekoa  there  is  an  artesian  well  that  was  drilled  in  1892  to  serve 
as  a  source  of  water  supply  for  the  town.  The  well  was  drilled  on  a 
stream  bed.  It  has  a  depth  of  176  feet  and  a  diameter  of  6  inches.  Only 
one  water-bearing  bed  was  found,  that  at  the  bottom  of  the  well-  The 
water  rises  to  a  height  of  8  feet  above  the  surface,  and  has  a  tempera- 
ture of  76°  F.  at  the  well  mouth.  The  water  level  has  shown  no  sea- 
sonal variation,  and  the  supply  has  been  constant.  The  cost  of  the 
well  was  $750,  and  the  cost  of  the  pumping  machinery  was  $1,0<KX 
The  casing  has  been  placed  in  the  well  only  from  the  surface  to  solid 
rock.  The  Oregon  Railroad  and  Navigation  Company  owns  a  deep 
well  at  this  place,  from  which  is  obtained  a  water  supply  for  loco- 
motives. 

YAKIM^V  COUNTY. 

General  statemetit. — Yakima  County  is  located  in  the  south-central 
part  of  Washington,  between  Columbia  River  and  the  summit  of  the 
Cascade  Mountains.  The  surface  presents  a  great  diversity  topo- 
graphically. Columbia  and  Yakima  rivers  are  bordered  by  broad,  low 
plains.  Between  these  streams  are  a  number  of  ridges  or  low  moun- 
tains which  rise  a  few  hundred  feet  above  the  general  level  of  the 
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plain.  Southwest  and  west  of  Yakima  River  the  plain  merges  into  an 
even-topped  plateau,  which  in  the  course  of  20  or  80  miles  gives  way 
to  the  foothills  of  the  Cascades.  The  mountains  are  comparatively 
low,  with  a  general  height  of  4,000  to  5,000  feet,  except  in  the 
vicinity  of  Mount  Adams,  in  the  southwestern  part  of  the  county, 
where  they  are  much  higher,  reaching  a  maximum  of  12,400  feet. 

As  the  county  lies  partly  within  the  Cascade  Mountains  and  partly 
within  the  Columbia  Plains,  it  has  geologic  features  common  to  both 
provinces.  The  formations  of  those  portions  of  the  Cascades  within 
the  county  are  scarcely  known  at  all,  but  are  believed  to  consist  mainly 
of  metambrphic  and  igneous  rocks  typical  of  the  interior  of  the 
range.  Immediately  east  of  Cowlitz  Pass  are  limited  areas  of  Tertiary 
shales  and  sandstones  which  contain  seams  of  coal.  The  coal  is  a  semi- 
anthracite,  or  a  ti*ue  anthracite  in  some  cases.  Along  the  eastern  flank 
of  the  mountains  are  occasional  flows  of  andesite,  most  of  which  are 
of  a  very  late  date. 

The  eastern  part  of  the  county  lies  within  the  Columbia  Plains,  and 
here  the  rocks  belong  almost  wholly  to  two  divisions,  viz,  the  Yakima 
basalt  and  the  Ellensburg  formation.  The  Yakima  basalt,  according 
to  Smith,  has  a  vertical  thickness  in  the  canyon  of  Yakima  River  of 
more  than  2,500  feet,  and  represents  ten  or  more  separate  flows.  For 
the  most  part  the  basalt  is  compact  and  heavy,  but  occasionally  it  is 
cellular  or  scoriaceous.  In  color  it  is  black,  except  on  weathered  sur- 
faces, where  it  usually  has  become  brown.  In  a  few  instances  the 
so-called  ash  beds,  consisting  of  fine  and  coarse  tuffs,  are  found  inter- 
bedded  with  the  dense  compact  basalt.  The  latter  has  usually  a  pris- 
matic or  columnar  structure,  the  result  of  the  contraction  or  shrink- 
age of  the  lava  in  the  process  of  cooling.  The  Ellensburg  formation 
lies  directly  on  the  Yakima  basalt,  and  includes  shales,  sandstones,  and 
conglomerates  that,  in  the  main,  were  deposited  immediately  after  the 
last  flows  of  lava.  In  some  places  there  was  a  final  outflow  of  lava  a 
little  while  after  the  beginning  of  the  deposition  of  the  clastic  rocks. 
The  sediments  of  the  Ellensburg  formation  accumulated  to  a  thickness 
of  1,500  feet  or  more,  and  on  the  evidence  of  fossil  leaves  are  known 
to  be  of  Miocene  age.  These  rocks  are  but  partially  consolidated,  and 
have  suffered  considerable  erosion,  with  the  result  that  they  have  been 
wholly  or  in  large  part  removed  from  much  of  the  area  that  they  once 
covered.  This  formation  is  of  special  interest.  It  contains  water,  and 
within  it  the  artesian  wells  of  the  countv  have  been  drilled. 

The  Yakima  basalt  and  the  Ellensburg  formation  have  been  folded 
into  a  series  of  arches  and  troughs,  or  anticlines  and  synclines,  that 
have,  in  general,  an  east-west  direction.  The  general  structure  of 
the  region  is  well  shown  along  the  course  of  Yakima  River,  which  has 
cut  directly  or  obliquely  across  the  ridges  and  alternating  troughs. 
As  a  rule  the  arches  or  ridges  are  comparatively  long  and  narrow,  and 
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rise  from  800  to  1,500  feet  above  the  intervening  valleys.  The  archer 
are  almost  invariably  capped  by  basalt,  the  rocks  of  the  Ellensbarg 
formation  being  limited  to  the  valleys  and  the  lower  flanks  of  the  ridges. 

The  rainfall  of  Yakima  County  shows  as  great  a  variation  in  amount 
as  is  to  be  found  in  any  area  of  similar  size  within  the  State.  In  the 
eastern  portion  the  annual  rainfall  averages  10  inches  or  a  little  less. 
From  the  vicinity  of  North  Yakima  westward  it  increases  regalarly 
toward  the  summit  of  the  mountains.  Upon  the  plateau  it  ranges  from 
15  to  25  inches.  In  the  mountains  it  varies  from  30  inches  in  the  foot- 
hills to  a  maximum  of  50  inches  along  the  summit.  The  effect  of  the 
rainfall  upon  the  vegetation  is  of  interest.  The  western  end  of  the 
county  is  so  well  forested  that  it  is  included  within  the  Mount  Rainier 
Forest  Reserve.  The  plateaus  and  hills  of  the  central  and  eastern 
parts  are  bare  of  trees,  but  are  abundantly  covered  with  grasse.s. 
Along  the  low  plains  of  Yakima  and  Columbia  rivers  the  grasi$e^ 
largely  disappear  and  sagebrush  takes  their  place  as  the  principal  veg- 
etal covering.  Except  for  the  growing  of  wheat  upon  the  plateaus,  no 
attempt  is  made  to  carry  on  agriculture  without  recourse  to  irrigation. 
The  water  for  irrigation  is  obtained  chiefly  from  the  streams,  but  to 
some  extent  from  artesian  wells.  The  streams  coming  from  the  moun- 
tains, where  the  rainfall  is  heavy,  carry  a  large  amount  of  water. 
Even  without  the  use  of  impounding  reservoirs,  enough  water  may  be 
had  to  irrigate  a  lai'ge  part  of  the  plains.  In  the  vicinity  of  NoilJi 
Yakima  a  number  of  deep  wells  have  been  drilled,  which  furnish  suffi- 
cient water  to  irrigate  large  tracts  of  land.  The  character  and  extent 
of  this  artesian  basin  have  been  set  forth  in  Water-Supply  and  Irriga- 
tion Paper  of  the  United  States  Geological  Survey,  No.  55.  The  towns, 
as  a  rule,  depend  upon  streams  for  their  supply  of  water,  although  sur- 
face wells  are  frequently  used.  Upon  the  plateaus  and  about  the  foot- 
hills springs  are  often  found,  some  of  which  might  be  classed  as  mineral 
springs. 

Municipal  systems,—  North  Yakima  obtains  its  supply  of  water  from 
Naches  River.  The  quantity  obtained  is  sufficient  for  the  present 
and  probably  for  all  future  needs.  The  Naches  rises  in  the  foot- 
hills of  the  Cascades,  and  as  there  are  no  sources  of  contamination  the 
quality  of  water  is  good.  A  few  wells  are  used  about  North  Yakima. 
They  range  in  depth  from  18  to  25  feet  and  are  wholly  in  sand  and 
gravel.  The  city  water  supply  is  used  to  a  very  large  degree  for  irri- 
gating, besides  serving  as  a  domestic  supply. 

A  sanitary  analysis  of  water  from  the  North  Yakima  city  supply. 
made  on  April  8, 1901,  by  Prof.  H.  G.  Byers,  of  the  University  of 
Washington,  resulted  as  follows: 
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Sanitary  analym  of  city  water  ai  North  Yakimct, 

[Parts  per  mllllOD.] 

Total  solidB 169.63 

Nonvolatile  solids 114. 86 

Volatile  solids 54.68 

Oxygen  consumed 1. 79 

Chlorine 2.75 

Nitrogen  as  free  ammonia 008 

Nitrogen  as  albuminoid  ammonia 0177 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates -. None. 

The  town  of  Prosser  obtains  a  water  supply  from  Yakima  River. 
The  river  gets  very  low  in  autumn  and  may  not  afford  sufficient  water 
to  meet  the  future  needs  of  the  town.  The  water  is  pumped  into  a 
reservoir  and  is  distributed  by  a  gravity  system.  A  few  wells  have 
been  dug  in  the  region,  and  these  have  a  depth  ordinarily  of  about  40 
feet.     They  do  not  enter  bed  rock,  but  are  wholly  in  gravel. 

Beep  wells. — In  sec.  4,T.  20N.,R.12E.,  is  a  deep  well  owned  by  F.E. 
Deeiinghoff.  It  is  located  on  a  gentle  slope  at  an  elevation  of  about 
1,100  feet  above  the  sea.  It  was  completed  in  April,  1899.  The  well 
was  drilled  to  a  depth  of  275  feet  and  then  bored  for  the  remainder  of 
the  way,  a  distance  of  350  feet.  The  drilled  portion  has  a  diameter  of 
5|  inches,  while  the  bored  part  has  a  diameter  of  3  inches.  Three  water- 
bearing beds  were  found,  the  first  at  a  depth  of  200  feet,  the  second  at 
400  feet,  and  the  third  and  principal  one  at  625  feet.  The  principal 
water-bearing  material  is  sand.  When  the  well  was  completed  the 
water  rose  to  a  height  of  40  feet  above  the  surface,  but  at  present  it 
rises  to  a  height  of  but  1  foot  above  the  well  mouth.  The  temperature 
of  the  water  at  the  surface  is  74°  F.  The  water  is  soft  and  is  sulphur 
bearing  to  a  slight  degree.  In  casing  the  well  40  feet  of  5-inch,  120 
feet  of  4-inch,  and  80  feet  of  3-inch  pipe  were  used.  The  water  is 
used  entirely  for  irrigation. 

In  sec.  8,  T.  12  N.,  R.  20  E.,  J.  H.  Gano  has  an  artesian  well  located 
on  a  plain.  The  well  was  drilled,  and  has  a  depth  of  826  feet.  In  the 
upper  portion  the  diameter  is  4  inches,  while  in  the  lower  portion  it 
is  only  2^  inches.  Water-bearing  beds  were  found  at  depths  of  300 
and  400  feet,  besides  the  principal  bed  at  the  bottom.  The  tempera- 
ture of  the  water  at  the  well  mouth  is  78°  F.  The  water  rises  40  feet 
above  the  surface.  The  supply  has  not  decreased  since  the  well  was 
completed.  The  cost  of  the  well  was  $1,000.  The  water  is  used  for 
irrigating  purposes. 

In  sec.  9,  T.  12  N.,  R.  20  E.,  E.  S.  Hill  has  a  deep  well,  which  was 
completed  in  1900.  The  well  was  drilled  on  the  slope  of  a  hill,  and 
has  a  depth  of  626  feet.  From  200  feet  downward  several  water- 
bearing beds  were  found,  the  principal  one  being  a  stratum  of  sand  at 
the  bottom.    The  well  flows,  and  the  supply  has  not  increased  or 
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decreased  since  the  well  was  completed.  The  temperature  of  the 
water  at  the  well  mouth  is  74^  F.  The  cost  was  $900.  In  the  well 
490  feet  of  casing  has  been  placed,  the  upper  portion  of  this  having  a 
diameter  of  4i  inches  and  the  lower  portion  a  diameter  of  3i  inches. 
The  water  is  used  exclusively  for  irrigation. 

In  sec.  6,  T.  12  N.,  R.  20  E.,  is  an  artesian  well  owned  by  J.  W. 
Peck.  The  well  is  located  in  a  valley,  at  a  height  of  about  800  feet 
above  sea.  It  was  completed  in  1901  at  a  cost  of  $1,200.  It  has  a 
diameter  of  6  inches  and  a  depth  of  828  feet.  The  principal  flow  of 
water  was  found  in  a  sandstone,  but  other  minor  water-bearing  beds 
were  encountered  in  drilling.  The  well  is  a  flowing  one,  the  water 
rising  4  feet  above  the  surface.  The  water  flows  a  little  less  strongly 
in  the  summer  than  in  the  winter,  but  on  the  whole  the  amount  of 
water  remains  fairly  constant.  The  temperature  of  the  water  at  the 
well  mouth  is  74°  F.  The  water  carries  a  little  iron,  magnesia,  and 
sulphur. 

In  sec.  10,  T.  12  N.,  E.  20  E.,  Robert  Rein  has  a  deep  w^ell,  which 
was  completed  in  1900.  The  depth  of  the  well  is  670  feet,  the  diameter 
at  the  top  is  6i  inches  and  at  the  bottom  24  inches.  The  well  is 
located  on  a  plain  at  a  height  of  1,500  feet  above  the  sea.  The  water 
rises  about  20  feet  above  the  surface,  and  the  supply  has  been  constant 
since  the  completion  of  the  well.  The  temperature  of  the  water  at 
the  well  mouth  is  60°  F.  The  cost  of  the  well  was  $700.  The  water 
is  used  for  irrigating  purposes. 

In  sec.  8,  T.  12  N.,  R.  20  E.,  is  an  artesian  well  owned  by  Julius 
Sauve.  It  is  located  on  a  plain  at  an  elevation  of  1,155  feet  above  sea. 
The  diameter  of  the  well  in  the  first  portion  is  4f  inches  and  in  the 
bottom  portion  2  inches.  A  number  of  different  flows  of  water  were 
encountered  at  depths  of  790,  861,  876,  890,  907,  and  finally  at  the 
bottom  at  1,020  feet.  The  water  rises  80  feet  above  the  surface.  The 
quantity  of  water  has  not  changed  since  the  well  was  first  drilled. 
The  water  at  the  well  mouth  has  a  temperature  of  75.2°  F.  The  cost 
of  the  well  was  $1  per  foot,  or  $1,020. 

In  sec.  8,  T.  12  N.,  R.  20  E.,  David  Walters  drilled  a  well  which 
was  completed  July  12,  1902.  It  has  a  depth  of  1,200  feet  and  a  diam- 
eter of  5i  inches.  The  well  is  a  flowing  one.  The  temperature  of 
the  water  at  the  well  mouth  is  81°  F.  The  cost  of  the  well  was  $1,6<n>. 
In  casing  the  well  400  feet  of  pipe  with  a  diameter  of  4  inches  and 
620  feet  of  pipe  with  a  diameter  of  3i  inches  were  used. 

Sprhign. — In  T.  9  N.,  R.  12  E.,  on  Government  land,  spring  water 
issues  as  a  stream  from  the  base  of  a  bluff  of  basaltic  rock.  The 
water  is  very  cold,  free  from  any  odor,  and  colorless.  From  the 
water  bubbles  of  gas  are  constantly  escaping.  An  analysis  of  the 
water  made  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington* 
resulted  as  follows: 
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Analym  ofwaierfrom  spring  in  T,  9  iST.,  R.  IS  E, 

[Parts  per  million.] 

Volatile  solids 363.5 

Nonvolatile  solids 774. 5 

Total  solids 1,138.0 

Silica 109.3 

Ferric  oxide  and  alumina 82. 0 

Calcium  carbonate 266. 4 

Magnesium  carbonate 177. 7 

Sodium  chloride 213. 4 

Potassium  chloride 38.  7 

Calcium  sulphate None. 

Potassium  sulphate None. 

In  sec.  9,  T.  11  N.,  R.  15  E.,  on  tribal  land  belon^ng  to  the  Yakima 
Indians,  are  some  warm  and  cold  springs.  The  water  issues  as  small 
streams  from  soil  and  gravel.  About  the  springs  are  deposits  of  red- 
dish matter,  presumably  iron  oxide.  The  cold  springs  have  a  soda 
taste,  and  from  them  all  bubbles  of  gas  are  constantly  escaping.  The 
warm  springs  are  used  by  the  Indians  for  bathing,  and  the  water  is 
believed  by  them  to  possess  medicinal  value.  It  is  used  more  for 
rheumatism  than  for  any  other  disease.  From  all  of  the  springs  the 
quantity  of  flow  is  constant,  no  variation  being  appreciable  from 
season  to  season. 

TABI.E8  OF  DEEP  WEIjI^,  MUKICIPAIi  WATER  SUPPIilES, 

AND  REPRESENTATIVE  SPRINGS. 

Deep  wells  in  Washington. 


County  and  post-office. 

T. 

16 
16 

13 

R. 

30 
32 

32 

s. 

22 
33 

28 

Name  of  owner. 

Topographic  posi- 
tion. 

Eleva- 
tion 

ahove 
sea. 

Adams  County: 

Cunnlneham 

Thomas  and  James  O'Hair. 
Northern  Pacific  Rwy 

W.T.  Braden 

Hill 

Feet. 
1,278 

Ritzvllle 

Valley 

1,157 

Franklin  County: 

Connell 

Valley 

840 

Island  County: 

Counevllle 

E.  J.  Hancock 

Hill 

125 

Spokane  County:                    > 
Hillyard --- 

■ 

Hillyard  Town  Site  Co 

L.  J.  Walford 

Plain 

2,000 

Stevens  County: 

Colville 

85 

1 
39       9 

Base  of  hill 

Plain 

1,590 

Thurston  County: 

Olympia 

■  «  «  « 

•  ■  •  ■ 

•  ■  ■  « 

State  of  Washington 

30 

IRR  111—05- 
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Deep  weU»  in  Washington — Continued. 


County  and  post-office. 


T.  '  R. 


Walla  walla  Cou  n  ty : 
Walla  Walla.... 
W^hltman  County: 

Palouse 

Pullman 

Tekoa 

Yakima  County: 
North  Yakima . . 

Do 

Do 

Do 

Do 

Do 

Do 


35 


S. 


Name  of  owner. 


!    Elera. 
Topographic  p09i-        tion 
tion.  I    above 


27 


14     45 


20 
12 
12 
12 
12 
12 
12 


12 
20 
20 
20 
20 
20 
20 


5 


4 
8 
9 
6 
10 
8 
8 


Blalock  Fruit  Co Plain 


F.  P.  Egan 

City  of  Pullman. 
Town  of  Tekoa . . 


Valley 

Stream  bed . 
do 


FtH 


2.  CO) 
2,S41 


F.  E.  Deeringhoff Slope . , 

James  H.  Gano Plain.. 

E.S.  Hill Slope.. 

J.  W.  Peck ,  Valley. 


l.l<0 
l.iuo 


Robert  Rein... 

J.  Saure 

David  Walters. 


do 

Plain. 
Slope. 


l.loS 


County  and  post-office. 


Adams  County: 
Cunningham  , 
Rit2ville 

Franklin  County: 
Connell , 

Island  County: 
Coupeville 

Spokane  County: 
Hillyard 

Stevens  County: 

Colville 


Date 
when 
com- 
pleted. 


Thurston  County: 

Olympia 

Wallawalla  County: 

Walla  Walla  .... 
Whitman  County: 

Palouse 

Pullman 

Tekoa 

Yakima  County: 


1902 
1901 

1902 

1889 

1900 

1901 

190S 
1908 


1890 
1892 


North  Yakima <    1899 


Do 

Do 
Do 

Do 

Do 
Do 


1900 
1901 

1900 

1900 
1902 


Kind  of  well. 


Diame- 
ter. 


Drilled 
do. 


Inchet. 


.do 


Dug 


.do 


6 

8 

5 
48 
44 


(Depth  to 

Depth,    principal 
*''^*"'""    source  of 
water. 


Drilled 


i  "1 


.do 

.do 

.do 
.do 
.do 


2 

6 

6 
6 
6 


Drilled  and 
bored. 


Drilled 

....do. 
do. 

do. 

do. 

do. 


i 


2*  I 


e 


i    SI 


41 

3J, 


Feet. 
426 
355 

676 

125 

200 

700 

152 

564 

20O 
110 
176 

625 

826 

626 
828 

670 

1.020 
1,200 


Feet, 
426 
900 

660 

120 

192 


400 


152 


540 


Water-bearing 
material. 


Rock. 

Very  porous  rock. 

Porous  rock. 

Sand. 

Gravel. 


Sandstone. 


Sand. 


Do. 


160  ;         Do. 
110  Do. 

176    Porous  lock. 

625  !  Sand. 


820 

620 

828 

570 

1,020 
1,200 


Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
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Deep  weU»  in  Wcuhingion — Continued. 


County  and  pofitofflce. 


Adams  County: 
Cunningham  ... 

RitEville 

Franklin  County: 

Connell 

Island  County: 

Coupeville 

Spokane  County: 

HiUyard 

Bteyens  County: 

Colville 

Thurston  County: 

Olympia 

Wallawalla  County: 
Walla  Walla.... 
Whitman  County: 

Palouse 

Pullman 

Tekoa 

Yakima  County: 
North  Yakima.. 

Do 

Do 

Do 

Do 

Do 

Do 


Other 

Distance 

vrater- 

water 

bearing 

rises 

beds 

above 

found. 

surface. 

Distance 
of  water 
from  sur- 
face. 


None ... 

Feet. 

None . . . 

None 

1 
Yes 

Tempera- 
ture of 

water  at 

well 
mouth. 


None 
Yes.. 


Fret. 
856 
235 

640 

120 

185 


Amount  of 
water  ob- 
tained 
daily. 


Increase  or  de- 
crease of  supply. 


Gallons. 


51 


Yes. 


2 


50,000 


None 
None 
None 


Several. 
19 

8 


Two 1 

Two 40 

Two Several. 

Yes 4 

Yes 20 

Yes !  80 

Several. 


67 

60 
60 
76 

74 
78 
74 
74 
60 
75 
81 


8,640 


187,000 


180,000 


Increase. 
Stationary. 

Stationary. 

Do. 


Increasing. 

Stationary. 

Do. 
Decreasing. 
Stationary. 

Decreasing. 
Stationary. 

Do. 

Do. 

Do. 

Do. 


County  and  post-offlce. 


variation  in  water    Effect  of  pumj.ing 
*®^**'-  water. 


Adams  County: 
Cunningham 
Ritzville 


None 


None 


.do Lowers  level    10 

feet. 


Franklin  County: 

Connell 

Island  County: 

Coupeville 

Spokane  County: 

Hillyard 

Stevens  County: 

Colville 

Thurston  County: 

Olympia 

Wallawalla  County: 

Walla  Walla 

Whitman  County: 

Palouse , do 


do I  None 

I 

Lowers  it  slightly. 


Varies  during  year 

None 

Varies  with  tide.. 
None 


Lowers  level 
slightly. 


Quality  of 
water. 


Soft 


.do 


Lowers  level. 


Pullman 
Tekoa... 


.do 


.do I  None 


How  water  Is 

obtained  at 

surface. 


Pumping. 
Do. 


Do. 
Do. 
Do. 


Well  flows. 

Do. 

Do. 
Do. 
Do. 
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Deep  wells  in  Washington — Continued. 


County  and  poi«t-offlce. 


variation  m  water   Effe^of  pumping 


level. 


water. 


Yakima  County: 

North  Yakima !  Varies  duringyear 


Do 
Do 
Do 


None 

do None 

Varies  during  year 

Do None ,  None 

Do I  Varies  during  year 

Do 


I 


Quality  nf 
water. 


How  water  is 

obtained  at 

gurface. 


Sulphur  bear-  ,  Well  flows, 
ing.  , 


Soft. 


.do 
.do 
.do 
.do 


Sulphur  bear- 
ing. 


Do. 
Df>. 
Do. 
Do. 
Do. 
Do. 


Ckmnty  and  postofllce. 


Adams  County: 
Cunningham  ... 

Riteville 

Franklin  County: 

Connell 

Island  County: 

Coupeville 

Spokane  County: 

Hillyard 

Stevens  County: 

Colville 

Thurston  County: 

Olympia 

Wallawalla  County: 

Walla  Walla.... 
Whitman  County: 

Palouse 


I  C<ietof   ;  I 

Cost.      ^SacEin^    ^*^^'  '^"^  length  of  casing.   . 
erj-.      I 


Use  made  of  the 
water. 


11,066  S290     Diameter,  2  inches;  length    '  Farm  supplv. 

423  feet.  "-•-  • 

2,500   Length, 'ilO  feet LocomotiTei^. 


3, 000    Diameter,  5  inches;  length.     Farm  su|  pi  v 

I      100  feet. 


I 


350 


nOO 


3.000 


ISO 


2.500 


Diameter,  10  inches;  length, 
40  feet. 


152   1  Diameter,  2  inches;  length. 

162  feet. 


Pullman 


Tekoa. 


1,800 

300 
450 
750 


Length,  540  feet 


Yakima  County: 
North  Yakima 


Do 
Do 

Do 
Do 
Do 

Do 


1.000 
900 

1,200 

700 

1,020 

1.600 


,  Diameter,  &t  inches:  length, 

[     150  feet. 

3. 000     Diameter,  6  inches;  length. 
110  feet. 


1, 000     Diameter.  6  inches 


Diameter,  5  inches;  length. 
40  inches. 

Diameter.  4  inches;  length. 
120  inches. 

Diameter,  S  inches;  length. 
80  inches. 

Diameter,  4, 8,  and2i  inches. ' 

Diameter.  4Unches;  length,  * 
497  feet. 


,  ,< 


Diameter,  4  inches:  length. 
400  feet. 

Diameter,  3^  inches;  length, 
I    620  feet. 


Dt>. 

Town  supply. 

None. 

Supply    for     eapitoi 
building. 

Irrigation. 

Farm  supply. 
City  water  supply. 
Town  supply. 

Irrigation. 


Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
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Muniripnl  Hxit^r  imppliett  in  WnMngton. 


Location. 


I 
supply,    Principal  ^urre  of 
syi»t4»0i.  I  waur. 


Other  sources. 


i  Sum-    Sum- 

cient     cient 
supply 
for  rn- 


fliipply 

prewnt 
n«Hl» 


DeepwellM None 


Aflotln  Creek Wells  and  cintems. 

I 


.do None 


Adams  County: 

Ritjcvllle Ve».. 

AMMtin  County: 

Asotin No... 

Clarlcston Yes.. 

Chehalls  County:  !  I 

Aberdeen '  Yes Creek. 

Cosmopolis Yes '  Wells |  Creek. 

Hoqulam j  Yes '  Hoquiam  River None. 

Montesano )  Yes '  Springs ' do 


Ocosta 

Chelan  County: 

Chelan 

Lakeside 

Wenatchee . . . 
Clallam  County: 

Port  Angeles  . 

Port  Crescent, 
Clarke  County: 

Vancouver  ... 


Columbia  County: 

Dayton 

Cowlitz  County: 

Castlerock 

Kalama 

Douglas  County: 

Wilsoncreek 

Jefferson  County: 

Port  Ludlow  . . 

Port  Townsend 
King  County: 

Auburn 

Ballard 


No. 


I 


Wells Springs 


Yes. 
No., 
Yes, 


Yes. 
No.. 


Springs LakeChelan. 

Lake  Chelan Wells 


I 
Creek <  None 


Fraser  Creek 


No 

Yes... 

I  es • • • 

No 

Yes... 
X es . . . 
Yes... 


Wells  and  springs 


Wells I  Pond 


No.. 
Yes. 

Yes. 

No.. 
Yes. 


Yes., 

I  es . , 
Yes.. 


Springs  and   deep   i  Yes... 

wells. 


Springs. 


None 


I 


Creek ,  Wells. 


Ye« CreekM. 

No Wells.. 


Yes., 


Yes 


None 1  Yes , 


Streams 


Yes ,  Creek 

Yes I  Deep  wells 


No... 


None :  Yes 

Wells  and  cisterns.         No . 


Columbia  City 

Enumclaw 

Issaquah Yes 

Kent Yes 

Renton Yes . 

Seattle '  Yes. 


No. 
Yes 


Wells ,  White  River. 

Springs   and  deep  ' \ 


Yes 
Yea 


ture 
needs. 


I      wells. 

Yes Cedar  River |  None !  Yen 

Yes Mountain  streams* !  Wells I  Yes 


Yes. 


West  Seattle 

Kitmp  County: 

Bremerton 

Charleston 

Port  Blakeley 

Port  Gamble 

Kittitas  County:  ! 

Clealum Yes 

EUensburg Yes 

Roslyn ,  Yes 


'  Springs i do 

, ' do '  None  . 

Spring ,  Wells. 

Cedar  River  and  Ce- 
i      dar  Lake. 

,   Spring!* do 


Yes 

Yes 

Yes 

None I  Yes 


.do Wells, 


No. 


Yes . 


Yes 

Yes Springs  and  creeks do Yes . 


X  es . . . . 
I  es . . . . 


Creek [  Yes . 

Creeks Yes. 


No. 

Yes. 
Yes. 

No. 
Yes. 
Yes. 
Yes; 


To. 
Yes. 
No. 

No. 
No. 

Yes. 

Yes, 

No 
No. 

No. 

Yes. 
No. 

Yes. 
No. 

Yes. 

Yes. 

Yes. 

No. 

No. 

Yes. 

No. 

Yes. 

Yes. 
Yes. 
Yes. 


Springs Wells Yes . . . j  Yes. 

Mountain  streams do '  No !  No. 

I 

Springs  and  Clealum    Yes No. 

River.  i 
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Municipal  fooler  supplies  in  Washington — ^Continued. 


Location. 


Klickitat  County: 
Qoldendale . . 

Lewis  Ck)unty: 
Centralla 


PeEU 

Lincoln  County: 

Davenport 

Harrington 

Sprague 

Wilbur 

Mason  County: 

Shelton 

Olcauogan  County: 

Loomis 

Pacific  County: 

Ilwaco 

Southbend 

Pierce  County: 

Buckley 

Carbonado 

Orting 

Puyalliip 

South  Tacoma . 

Sumner 

Tacoma 

San  Juan  County: 

Friday  Harbor 
Skagit  County: 

Auacortes 

Hamilton 

La  Conner 

Mount  Vernon 
Snohomish  County 

Arlington 

Edmondf) 

Everett 

Marysvllle 

Monroe 

Monte  Crista  . . 

Silvertou 

Snohomish 

Spokane  County: 

Cheney 

Hillyard 

Latah 

Medical  Lake.. 
Stevens  County: 

BoHsburg 

Colville 

Marcus 

Northport 

Springdale 


Water- 
supply 
system. 


Yes. 


Yes. 


No. 


Yes. 
Yes. 
Yes. 
Yes. 

Yes. 

Yes. 

Yes. 
Yes. 

Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 

No.. 


Yes 
No. 
Yes 
Yes 

No. 
Yes 
Yes 
No. 
Yes 
Yes 
Yes 
Yes 


Yes. 
Yes 
No.. 
Yes. 


Yes 
Yes 
No. 
Yes 
Yes 


Principal  source  of 
water. 


Spring. 

Wells.. 
do. 


Springs 

Wells 

Springs 

Creek  and  wells. 

Spring 


Siulahekin  Creek 


Spring. 
do 


Well 

Springs 

do 

do 

Wells 

Springs do 

Clover    Creek     and     Three  wellsi 
springs. 

Wells 


Other  sources. 


Sufll-      Suffi- 
cient     cient 

supply  mp>ply 
for       for  m- 

preaent     ture 

needs- 


I 


None 


Yes. 


Skookum  Chuck  <  No. 
River. 

Springs No. 


None Y'en . 

Springs '  Yes. 

Wells '  Yes 

Springs '  Yes . 

None Ye«. 

r 

Spring Yes. 


Yes. 

None Yes . 


White  River 

None 

Wells 

None 

do 


Lake  Heart None. 

Wells. ....^ do 

Spring j 

do None. 


Springs  and  wells Stilaguamish  River  . . 

Springs j  Wells 

Wood's  Creek 

Wells I  None 

Creeks '  Wells 

Mountain  stream I  None 

do ' do 

Pllchuck  River I do 

Lake  and  wells 

Deep  wells 

Wells 

Clear  Lake I  Wells 


Yes 
Yes 
Yes. 
Yes. 

Yes. 
Yes. 
Yes. 


Columbia  River ',  None 

Spring '  Creeks  and  wells 

Columbia  River None 

Deep  Crec  k 

Creek \  Wells 


Yes, 
Yes. 
Yes 
Yes 


So, 

No 
No. 

No. 
No- 
Yes. 
Yes. 


Yes. 
Yea. 
Yes. 
Yes. 
Yes. 
Yea. 
No.. 


Yes...'  No. 


,  Nti. 
Yes. 

Yea. 
Ye^ 
No. 
Yciv. 
Yes. 
.  Yes. 
No. 


No. 
Yea. 

Y«. 

Yes. 

Yes. 

Yes. 
Yes. 
Yes. 
Yctu 


Yes.. 
Yes. 


Yes.. 
Yes., 


Yes. 


Y 

No. 

Yes. 
YesL 


LANDES.] 


TA6LK    OF   MUNICIPAL    SUPPLIES. 


71 


Municipal  water  supplies  in  Washington — Continued. 


Location. 


Water- 
supply 
system. 


Thurston  Oounty: 

Olympia 

Tenino 

Walla  walla  County: 

Waitsburg 

Walla  Walla.... 
Whatcom  (bounty: 

Blaine 

Fairhaven 

Sumas 

Whatcom 

Whitman  County: 

Colfax 

Oakcsdale 

Kullman 

TekoA  

Uniontown 

Yakima  County: 

North  Yakima  . 

Prosser 


Yes 

Yes 

No 

1  es . . . . 

Yes.... 
No 

X  Cc*  «  ■  ■  ■ 

Yes.... 
Yes.... 


Yes... 
Yes... 


.do 
Lake  Padden.. 

Wells '.. 

Ijake  Whatcom 


Three  creeks 

Streams 

None 


....do.. 
Springs . 


Palouse  River 

Wells 

Artesian  wells ' 

do !  None 

Deep  well 


Naches  River None  . 

Yakima  River do 


Location. 


Quality  of  water. 


Effect  of  water  j   Sources  of  con- 
on  the  health.         taminatlon. 


Adams  County: 
Ritzville  . . . 


I 


I 


Hard Good 


None 


Soft 


Asotin  County: 

Asotin 

Clarkston ; do 

Chehalis  County:  | 

Aberdeen ' do 

Ccsmopolis do 

Hoquiam do 

Montesano do 

Ocosta do 

Chelan  County: 

Chelan 

Lakeside Soft 

Wenatchee Contains  iron 

Clallam  County:  | 

Port  Angeles |  Soft 


.do 
.do 


.do 
.do 


Hard 


Good  . 
do 


Suffi- 
cient 
supply 
lor 

Suffi- 
cient 
supply 
for  fu- 

present 
needs. 

ture 
needs. 

Yes . . . 

Yes. 

Yes... 

No. 

Yes... 

No. 

Yes... 

No. 

Yes... 

Yes. 

Yes... 

Yes. 

No.... 

No. 

Yes... 

Yes. 

Yes.. 


Yes . . . 

Yes. 

Yes... 

No. 

Yes... 

Yes. 

Yes ... 

Yes. 

No 

No. 

Yes. 


Surface  drainage . 

None 

Surfoce  drainage . 


Some  ill  effects 

I      in  summer. 

I 

Port  Crescent Somewhat  salty ' 

Clarke  County: 

Vancouver Soft Good ' do 

Columbia  County: 

Dayton do do do 

Cowlitz  County: 

do do 


Deca^ving   vege- 
tation. 


Other  sources  of 
supply  in  con- 
templation. 


Additional 
wells. 


None. 
Artesian  wells. 

Other  creeks. 
None. 

Do. 

Do. 

Do. 

Lake  Chelan. 
None. 
Do. 

Little  River. 


None I  None 


Castlerock 

Kalama l  Hard 


.do 


do 
do 


Do. 
Do. 

Do. 
Do. 
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MwiidpcU  water  iupplies  in  Washington — Continued. 


Location. 


Quality  of  water. 


Douglas  County: 

Wilaoncreek Alkaline 

Jeffenon  County: 

PortLudlow Soft 

PortTowuMnd do... 

King  County: 

Auburn | do . . . 

Ballard I do... 


Columbia  City do 

Enumdaw | do 

laaaquah ! do , 

Kent ' do 

I 
Renton do 

Seattle | do 

West  Seattle \ do 

Kitsap  County:  > 

Bremerton j do 

Charleston ' do 

Port  Blakeley do 

Port  Gamble ' do 

Kittitas  County: 

Clealum ' do 

Ellensburg Hard. 

Roelyn \  Soft  .. 

Klickitat  County: 

Qoldendale ' do 

Lewis  County:  I 

Centralia i do 

PeEll I do 

Lincoln  County: 

Davenport I do 

Harrington | do 

Sprague ' do 

Wilbur i do 

Mason  County: 

Shelton 

Okanogan  County: 

Loomis 

Paolflo  County:  | 

II  waco I do 

Southbend \ do 

Pierce  County:  i 

Buckley , do 

....do 


do 
do 


Carbonado 
Ortlng 


Puyallup 

South  Tacoma 

Sumner 

Tacoma 


Effect  of  water 
on  the  health. 


Sources  of  con- 
tamination. 


Other  soarccsd 

supply  in  eoo- 

templatkA. 


Good 


.do 
.do 

.do 
.do 

.do 
.do 
.do 
.do 


None. 


None 


None. 


Mountain 


White  RiTer. 
Seattle     water 


None . 

do 

do 


.do '  Noue 


Decaying   vege- 
tat 


ivini 
ion. 


.do 
.do 
.do 

.do 


.do 
.do 
.do 

.do 


I 


Some  ill  effects.;  Sewage. 

None . . . 


Good  . 

do 

do 

do 


None . 
do 


.do 
.do 


.do 
.do 


Not  good I  Decaying  vegeta-. 

I      tion. 

Good !  None 

do 1 do I 


None. 

Spiinga. 

None. 

Additional 
springs. 

Cedar  Rim- and 
other  springy. 

None. 

Cedar  RiTer. 

None. 
Do. 
Do. 

Do. 

Yakima  RiTer. 
None. 
Do. 

Addi  tiona 
q>ring. 

None. 
Do. 

Do. 

Do. 
Do. 

OUier  springs. 

Other  creeka. 

None. 


do Decaying  vegeta- 
tion. 


do None 


.do 
.do 
.do 
.do 


Do. 
Do. 

Addil  ional 
springs. 

None. 

Do. 

Do. 

Additional 
wells. 
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Municipal  water  gapplitB  in  WoMnglon — Continued. 


Locfttion. 


Quality  of  water. 


San  Joan  County: 

Friday  Harbor Soft 

Skagit  County: 

Anacortes do 

Hamilton do 

Laoonner 

Mount  Vernon I  Soft  .. 

Snohomish  County: 

Arlington do 

Edmonds i do 

Bveiett I do 

Marysville do 

Monroe do 


Effect  of  water 
on  the  health. 


Sources  of  con- 
tamination. 


Good 


.do 
.do 
.do 
.do 

.do 
.do 
.do 
.do 
.do 


None 


.do 
.do 


None 


.do 


None. 

do 

do 


Monte  Cristo do 

Silverton do 

Snohomish do 

Spokane  County: 

Cheney ^ .  .do 

HiUyard do 

Latah do 

Medical  Lake Hard. 

Stevens  County: 

Boflsburg Soft 

Colville do 

Marcus do 

Northport Hard 

Springdale Slightly  alkaline 

Thurston  County: 

Olympia Soft 

Tenino do 

Walla  walla  County: 

Waitsburg do 

Walla  Walla 

Whatcom  County: 

Blaine 

Falrhaven '  Soft. . . 

Sumas do 

Whatcom do 

Whitman  County:  | 

Colfax I do 

Oakesdale do 

Pullman Hard  . 

Tekoa Soft... 

Unlontown do 

Yakima  County: 

North  Yakima 

Proaser Soft. 


.do 
.do 
.do 


.do 
.do 
.do 


.do 

.do 1 

.do '  None  . 

....do 

....do 
....do 
....do 
....do 


.do 

.do 

.do 

.do 

.do 

.do ;  Surface  drainage. 


.do '  None  . 

.do ' do 


.do 


Other  sources  of 
supply  In  con- 
templation. 


None 


Good  . 
....do 

do 

do 


.do 
.do 
.do 
.do 
.do 

.do 
.do 


None 

Surface  drainage 
Lumber  mills 


None . 

do 

do 

do 


.do 
.do 


Other  lakes. 
None. 

Do. 


Do. 

Lake  Stephens. 

Skykomish 
River. 

None. 
Do. 


Do. 
Springs. 
None. 

Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 

Deep  wells. 


None. 
Deep  well. 
None. 

Deep  wells. 
None. 

Do. 

Do. 

Do. 

Do. 
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Municipal  %raler  supplies  in  Washinfflon — Continaed. 


Location. 


AdamH  ('ounty 
RiUville. . . 


Asotin  County: 

Asotin 

ClarkHton 

Chehalis  County: 

Aberdeen 

Cosmopolis . . 

Hoquiam 

Monte-sano  .. 
OcoHta 

Chelan  County: 
Chelan 
Lakeside 


System  of  waterworks 
used. 


Depth 
of  the 
wells. 


Depth  at 
which 

water  is 
com- 
monly 
found. 


Character  of  the 

water-bearing 

material. 


Pumping  and  gravity 


f     a385  1 
'i     6200  j 


Feel.     ■ 

c50  '  Porous. 


Depth 
of 

water 
fr«>m 


Frtl. 


20-35  ! 


25    Gravel  and  sand 


Gravity 


Direct  pressure 

Gravity..... 

Pumping  and  gravity. 
Gravity 


Gravity. 


.do 

.do 
.do 


Wenatchee 
Clallam  County: 

Port  Angele8 

Port  Crewent. . 
Clarke  County: 

Vancouver  

Columbia  County: 

Dayton 

Cowlitz  County: 

Castlerock 

Kalama 

Douglafl  County: 

Wilsonoreek . . . 
Jefferson  County: 

Port  Ludlow  . . 

Port  Townaend 
King  County: 

.Vuburn 

Ballard 

Columbia  City. 

£numclaw 

Issaquah 

Kent 

Renton ' do 

Seattle do 


Gravity 

Direct  presflure 


Direct  pressure 

Gravity 

....do 

....do 

....do 


West  Seattle 

Kitsap  County: 

Bremerton 

Charleston 

Port  Blakeley , . 

Port  Gamble 

Kittitas  County: 

Clealum 

Ellenxbuig 

Roslyn 

Klickitat  County: 

Goldendale 

a  City  well. 
(>  Average  well. 


Direct  pressure. 


Gravity 

do. 

do. 

do. 


35 
50 

Deep. 

20-40 


40-100 


Level  of    Sand 
lake. 


12-10 

i&-ao 

30-75 


10-20    Sand  and  gravel . 
10-12     Sandstone 


25  I  Gravel. 

I 

25-«0  Basalt. 

15  Gravel. 

10  Basalt . 


12-,'>l 


48  I  Gravel. 


22-100  '  Band  and  gravel 


40-60 

20-160 

12-60 


I 


20-30 


10-45 
15-50 
30-75 


do 10-16 

....do 10-20 

Direct  pressure 20-60 

Gravity 12-76 

c  Varies  on  lower  ground, 
rf  Nearly  to  surface. 


20-150 


S-12  ,  Sand  and  gravel. 

10-20     Gravel 

12-50  !  Sandstone 


,  20  I  Gravel 

«  No  appreciable  rise. 
/Lake  level. 


•jn 


l^^ 


30     Cement  and  gravel . '      'S>~>  < 
40-50     Sand 


(^ 


(/i 


'  "i 


^» 


h- 


40 

do ... 

12-150 

do  .  - . 

10-30 

do... 

10-30 

do ... 

20 

Gravel... 

2-> 

CO 
10-25 

Sand  and 
Gravel... 

grav 

el.... 

6—*^ 

12-40 
50 

10 

Sand  and 
do... 

Sand 

grav 

el.... 

IO-S> 

20-15a 

70 

Gravel... 

■» 

«»_• 


»**! 
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Municipal  vHiter  supplies  in  Washington — Continued. 


Location. 


System  of  waterworks 
used. 


Direct  pressure 


Lewis  County: 

Centralia 

PeEll 

Lincoln  County: 

Davenport 

Harrington 

Sprague 

Wilbur 

Ma.<w)n  County: 

Shelton 

Okanogan  County: 

Loomis 

Pacific  County: 

II  waco ' do 

Southbend i do 

Pierce  County: 

Buckley Direct  pressure 

Carbonado Gravity 

Orting 

Puyallup 

South  Tacoma 

Sumner 

Tacoma 

San  Juan  County: 

Friday  Harbor 

Skagit  County: 

Anacortes 

Hamilton 

Laconner 

Mount  Vernon 

Snohomish  County: 

Arlington 

Edmonds 

Everett 

Marysville 


Depth 
of  the 
wells. 


F\set. 
20-30 


Depth  at 
which 

water  is 
com- 
monly 
found. 


Character  of  the 

water-bearing 

material. 


FeH. 


Depth 

of 

water 

from 

surface. 


Feet. 


18     Gravel. 
8   do. 


20-40  I  Basalt 

35  ! do 

20  I  Gravel  and  sand 

10-15  :  Basalt , 


10 

20 

4-20 

5-« 


10  I  Gravel. 


20'. 


10-60 


20-60 


30 


....do 

Direct  pressure 

....do 

Gravity 

....do 


Gravity. 


Gravity 
do. 


Gravity. 
do.. 


6-20 
10-20 
40-50 


10 

6-10 

40 


Sand 


10 


Gravel . 
Sand  .. 
do. 


30-100 

I 

13-18  ! 

10-80  ' 
10-25 


50 


10 


16 

18 


40 

80-100 

6-8 


.do 


12-14 
20-80 


15-115  . 


100 
14 


Sand  and  gravel . 
Sand 


Sand  and  gravel. 

do 

do 

Sand 


Direct  pressure , 
....do 


Monroe Gravity 

Monte  Cristo do . 

Silverton do . 

Snohomish do 

Spokane  County: 

Cheney 

Hlllyarel 

Latah 

Medical  Lake 

Stevens  County: 

Bossbnrg Gravity. 

Colville do 

Marcus 

Northport Gravity. 

Springdale do 

Thurston  County: 

Olympia do 

Tenino 


18-50 


25  I  Gravel. 


8 
H-AO 


30-50 

190-200 

25-40 

1(M0 


15-55  I  Gravel. 


40-45 


40     Basalt. 

190    Gravel. 

35  I  Rock  . . 

15     Basalt . 


185 


10-30 


20  I  Sand  . . 
18-60     Gravel . 


5-8 


30-100 


40-50     Sand 


15-75 


25-10 


I 


85  ,  Gravel. 
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Municipai  water  supplies  in  Washington — Continued. 


Location. 


Walla  walla  County: 

Waitsburg 

Walla  Walla 

Whatcom  County: 

Blaine 

Falrhaven 

Sumaa 

Whatcom , 

Whitman  County: 

Colfax 

Oakesdale 

Pullman 

Tekoa  

Unlontown 

Yakima  County: 

North  Yakima  . 

Proaser , 


System  of  water  works 
used. 


<  Depth  at 

^^^^  '  w'ltif  is 
of  the     ^*i^  " 

^'^"**      monly 
found. 


Character  of  the. 

water-bearing 

material. 


Gravity 
do. 


.do 
.do 


Fctt, 
40-60 
10-20 

10-20 


Feet. 
16-40 


Depth 
water 

fllHD 

vurface 


Ffft. 

12-16 


Gravity. 


40-90 


.do 12-120 

12-60 

Gravity !  100-lSO 

100-176 
175-200 


10 


40-60 


40 

10-45 

100 

100 


Gravity 
do. 


18-25 
30-40 


35 


Gravel. 


.do 


Sand  and  gravel 


Basalt 

Sand  and  gravel  . 

do 

Basalt 

do 


10-» 

(«) 
610 


Gravel. 
do. 


» 


1 


Location. 


Amount  of 
water  ob- 
tained 
daily. 


Increase  or  decrease 
in  supply. 


Varia- 1  Effect  of 
tion  in  pumping 
water  lOn  water 
level,      level. 


Adams  County:  Gallons. 

Ritzville , I  Stationary. . 

Asotin  County: 

Asotin do 

Clarkston . 
Chehalis  County: 

Aberdeen. 

Cosmopolis 

Hoquiam , 

Montesano 

Ocosta. 
Chelan  County: 

Chelan 

Lakeside 

Wenatchee 
Clallam  County: 

Port  Angeles 

Port  Crescent 
Clarke  County: 
Vancouver 


Columbia  County: 

Dayton 
Cowlitz  County: 

Castleiock 

Kalama 


Other  U9e8  besides 
domestic  supply. 


Lawns  and  garden!^.. 

Do. 
Irrigation. 


Boiler  mipply. 
Manufacturing. 


Stationary , 
a  A  few  feet  above. 


Irrigation. 

Do. 
Lawns  and  bf>ilen<. 


Fire  protection  and 
power. 


Fire    protection, 
power,  etc. 


None. 

Power. 
Irrigation. 


6  Above. 
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Municipal  water  aupplv's  in  Waahinfftan — Continued. 


Location. 


'  Amount  of '  ' 

I  water  ob-   Increase  or  decrease, 

tained  in  supply. 

dally. 


Varia-  | 
tion  in 
water  , 
level. 


Effect  of 
pamplnff 
on  water 
level. 


Douglas  County: 

Wilsoncreek 
Jefferson  County: 

Port  Ludlow 

Port  Townsend 
King  County: 

Auburn 

Ballard 

Columbia  City 

Enumclaw 

Issaquah 

Kent 

Renton 

Seattie 
West  Seattle 
Kitsap  County: 
Bremerton 

Charleston j Decreasing 

PortBlakeley i, 

Port  Gamble 150,000 

Kittitas  County: 
Clealum 

Ellensburg 

Roalyn 
Klickitat  County: 

Goldendalc. 
Lewis  County: 

Central  ia 

PeEII 
Lincoln  County: 

Davenport do 


Harrington 

Sprague '  Stationary. 

Wilbur ; ! do 

Mason  County: 


Shelton i do 


Okanogan  County: 

Loomis 

Pacific  County: 

Ilwaco 

Soutbbend 

Pierce  County:  i 

Buckley 1,200,000    Stationary. 

Carbonado 20,000  ; 

Orting ' 


Puyallup 

South  Tacoma. 
Sumner 


160,000     lYicreaslng. 


No I  No. 


No....    No 

Yes...   No — 


No. ...I  No. 


Other  uses  besides 
domestic  supply. 


None. 

Boiler  supply. 
None. 

None. 

Fire  protection. 

Irrigation. 

None. 

Do. 

Boiler  supply. 

Pire  protection  and 
boiler  supply. 

Fire,  irrigation,  etc. 

None. 

Fire  protection  and 
boiler  supply. 

None. 

Do. 

Fire  protection  and 
boiler  supply. 

Irrigation,  fire  pro- 
tection and  boiler 
supply. 

Irrigation  and  boiler 
supply. 

Fire  protection  and 
boiler  purposes. 

Irrigation  and  fire 
protection. 

None. 
Do. 

Irrigation  and  fire 
protection. 

Do. 

Do. 

Irrigation. 


Yes . .  .1 Fire  protection. 


No . . . 


Yes... 

Yes... 

Yes... 


Tacoma 8,000,000    Stationary. 


Yes 


No. 


Very  lit- 
tle. 


No. 
Yes 


No. 


Boiler  supply. 

None. 
Boiler  supply. 

Fire  protection. 
Boiler  supply. 
None. 

Do. 
Boiler  supply. 


Boiler   supply,    fire 
protection,  etc. 
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Municipai  wcUer  supplies  in  Wdshingion-~Con{in\ied. 


Location. 


San  Juan  Ck>unty: 

Friday  Harbor  . 
SkaffitCk)unty: 

Anacortefl 

Hamilton 

Laconner 

Mount  Vernon  . 
Snohomish  County; 

Arlington 

Edmonds 

Ererett 


Amount  of 
water  ob- 
tained 
dallv. 


Gallons. 


Varia- 

Increase  or  decrease  tionin 
in  supply.         '  water 
level. 


Stationary 
do.... 


Increasing. 


Yes 

Yes 
Yes 


No 

No.... 


Yes . . . 


Marysville. . . 

Monroe 

Monte  Cristo. 


Effect  of 

pumplng^    Other  uses  besidt^ 
on  water ,    domectic  stipply. 
level. 


No. 
No. 


No. 
No. 


Yes. 


Stationary 


Silverton : 

Snohomish ' 

Spokane  County: 

Cheney 

Hillyaid i 

Latah ' 

I 

Medical  Lake | 

Stevens  County:  ' 

Bossburg i j 

ColviUe ' I  Stationary , 

Marcus ' \ 

Northport j ' 

Springdale i ! ,  No No 

Thurston  County: 

Olympia 3,000,000 


Boiler  supply. 

Do. 
None. 

Do. 
Fire  protection. 

None. 

FireprotectioD.  boil- 
er supply,  etc. 

None. 

Do. 

Boiler    supply   and 
concentrator. 

Concentrator. 

Boiler  supply. 

Fire  protection. 
Irrigation. 


No..., 


No None. 


Tenino 

Wallawalla  County: 

Waitsburg 

WftUa  Walla 

Whatcom  County: 

Blaine 

Fairhaven 


Stationary 


Yes 


Yes 


Increasing. 


Snmas 

Whatcom , 

Whitman  County: 

Colfax 

Oakcsdale 

Pullman 


300,000 


Tekoa  

Uniontown 

Yakima  County: 
North  Yakima. 
Prosser  


Stationary . 


Yes 


No... 


Yes 


No. 


Stationary . 
Decreasing 


Stationary. 
do 


No.... 

No 

No.... 


No 


Yes. 


No. 
No. 


No. 


Boiler  supply. 

Fire  protection,  boil- 
er supply,  etc. 

None. 

Water  motor. 
Fire  protection. 

Boiler  supply. 

Boiler    supply   an<l 
fire  protection. 

None. 

Boiler  supply    sdI 
fire  protection. 

Do. 

Fire  protection. 

Boiler    supply   and 
fire  protection. 

None. 

Street  sprinkling. 

Irrigation. 
Do. 
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County  and  post-office. 


T.     R.    S.     Owner  of  spring. 


Toporrapblc 
podtion. 


Quantity  of  flow. 


Adams  County: 

Washtucna 15    86 

Chelan  County: 

Wenatchee 22  I  19    24 

Clark  County 

Vancouver 1      2  '3,4 


Columbia  County: 

Dayton 9 

King  County: 

Berlin 


Issaquah 


Kent... 
McCain 
Renton 


Klickitat  County: 

Glen  wood 

Do 

Qoldendale . . . 

Lincoln  County: 
Davenport 


Harrington 

Do 

Do 

Sherman . . . 
Mason  County: 

Shelton 

Pierce  County: 
Carbonado . 

Orting 


Puyallnp 

Hkamania  County: 

Cascades 

Spokane  County: 

Latah 

Ptevens  County: 

Colville 

Wallawalla  County: 

Walla  Walla.... 
Yakima  County: 

FortSimooe 


24 

22 
18 
28 


I 


{^  }o.  W.  Bassett Base  of  bluff. 

Geoige  BrisBon do 


89 

11 

6 

6 
26 

12 
18 
14 

87 

86 
36 


Vancouver    Wa- 
terworks Co. 


I 


Hillside 


3  ,  City  of  Dayton do 


9 
6 
4 

25 

28 
23 
28 
29     83     25 

20       4  I  12 


27 

19 
29 
20 


Everett  Bottling   do 

Works. 


Oilman       Water 
Co. 

Town  of  Kent 

T.  O.  McCain 


Head  of  canyon 


Base  of  steep  hill. 
Foot  of  mountain . 
Hillside 


Seattle     Electric 
Co. 


United  States j  Valley 

do '  Base  of  bluff. 

In  canyon . . . 


21 

34 
14 


86      9 


18  I    6 


19 
20 

2 

21 


11 


5 
4 

7 

45 


15 


29 
82 

16 

26 


9 


Town  of  Daven- 
port. 

J.  L.  Ball 

J.  £.  Ludy 

L.  T.  Luper 

H.  B.  Fletcher. . . . 

Town  of  Shelton . 


Base  of  bluff. 


Deep  valley 

Valley 

do 


Hillside 
do.. 


Carbon  Hill  Coal 
Co.  j 

Orting  Light  and  do 

Water  Co.  • 

City  of  Tacoma. . .   Base  of  bluff 

Thomas  Moffatt . .   Hillside 

Base  of  bluff 
J.  U.  Hofeteta ....   Valley 
City   of    Walla 


William  Forih 
man. 


ty   oi 
Walla. 

Yakima  Indians. . '  Narrow  valley 


.do 


GcUlons. 


a40 
M,  760,  COO 


«3 


^600.000 
M88,01S 


b  860,000 
a2 


b  28,800 


M8,000,00O 

b  25.000 

ft  720 


&  57,600 


a  Miner's  inches 


b  Daily. 
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BepreMniative  9pnng$  in  Washington — Continued. 


County  and  post-office. 


Variation  in  flow. 


I 


DecreaMS  in  summer. 


Adams  County: 

Waahtucna ,  None 

Chelan  County:  ' 

Wenatchee Decreases  in  flow  in  au 

I      tumn. 

Clarke  County:  . 

Vancouver [  Varies  slightly 

Columbia  County: 

Dayton 

King  County: 

Berlin 

Issaquah 

Kent 

McCain 

Renton 

Klickitat  County: 

Qlenwood None 

Do I do 


None 

....do 

Decreases  in  summer. . . 

None 

Diminishes  in  autumn  . 


Ooldendale > do 

Lincoln  County: 

Davenport 

Harrington 

Do 

Do 

Sherman 

Mason  County: 

Shelton 

Pierce  County: 

Carbonado  

Ortlng 

Puyallup 

Skamania  County: 

Cascades ' do 


Decreases  in  summer . . . 

None , 

Decreases  in  summer. . . 

None 

....do 


do 


I 


Decreases  in  summer. 

None 

....do 


Spokane  County:  ' 

Latah '  Maximum  in  spring 

Stevens  County: 

Col ville None 

Wallawalla  County:  ! 

Walla  Walla ' do 

Yakima  County: 

Fort  Bimcoe , do 


Taste. 

Pleasant. 
do-., 


Temper- 1  Quality  of       Kind  'A 
ature.    I     water.     ,       rock 


<»F. 


40     Soft. 


66     Hard 


Da 


I 


.do 
.do 


Soft. 


.do 


I 
Soda !  Alkaline.. j  Syenite 

Pleasant...' "  Soft 

do .: ' do 

Sulphur  ...  122  '  Sulphur  .. 

Pleasant... 1  Soft. 


Gimnite. 


I 


.do 


Unpleasant  76 

Mineral...'  100 

I 
Pleasant...' 


Cnarged 
wlthgaa. 

do 


Soft. 


Pleasant.. 

....do... 

do... 


45 


.do 

.do 
.do 
.do 


.do., 
.do... 
.do., 
.do.., 


Do. 
Do. 

Oimnite. 


54 


Sulphur  . . . 

Pleasant. . . 

do 

do 

Soda 


96 


Warm  .. 


.do... 

.do ■ 

.do .... 
.do .... 


Sulphur, 
iron,  etc 

Soft 


.do., 
.do.. 


Charged 
withgaa. 


± 
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BepreserUative  springs  in  Washington — Ck)ntinued. 


County  and  poet-office. 


Adams  County: 
Washtucna . 


Chelan  County: 
Wenatchee 


Clarke  County: 
Vancouver 

Columbia  County: 
Dayton 

King  County: 

Berlin , 

Issaquah 

Kent 


McCain. 


Renton 

Klickitat  County: 

Glen  wood 

Do 

Goldendale. . . 


Lincoln  County: 

Davenport. 

Harrington . 
Do. 
Do 

Sherman 
Mason  County: 

Shelton 

Pierce  County: 

Carbonado 

Orting 

Puyallup 

SVamania  County 

Cascades 


Spokane  County: 

Latah 

Stevens  County: 

Colville 

Walla  walla  County: 

Walla  Walla.... 
Yakima  County: 

Fort  Simcoe 


Seeps  or 
stream. 


Stream 


.do 


.do 


Seeps  out 


Stream 

do. 

do. 


Deposits 
of  min- 
eral mat- 
ter about 
spring. 


None 


.do 


.do 


.do 


Iron . 
None 
...do. 


Seeps  out do 


.do 


.do 


Stream >  Iron 

do '  Yes. 

do Iron 


.do 


.do .. 
.do., 
.do. 


Seeps  out 


.do. 

-do . 
.do ., 
.do ., 

.do.. 


Stream 


Use  of  water. 


Seeps  out . . . ' do . . . 


Stream do ... 


Seeps  out . . .   Iron 


Town  supply  and 
irrigation. 


Domestic  and  irri- 
I     gation. 


City  water  supply. 


.do 


Improvements 
at  spring. 


None 


.do 


.do 


.do 


None  so  far do 

Town  supply do 

do ' do 


Medicinal     and     Hotel 
bathing. 

Town  supply None  . 


None do 

do do 

do ' do 


('Ity  supply do 

Domestic 

do None. 

,do do 

do do 

I 

Town  supply do 

i 

do .do 

Domestic do 

City  supply do 


Medicinal, domes-    Hotel    and 
tic bath  house. 

Domestic None 


Town  supply do 


City  supply do 


Bathing do 


Improve- 
ments con- 
templated. 


None. 


Do. 


Do. 


Do. 


Hotel. 

None. 

Storage  res- 
ervoir. 

Addition  to 
hotel. 

None. 


Do. 

Do. 

Hotel  and 
a  bath 
house. 

None. 


Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 


New  hotel 
and  bath 
house. 

None. 


Do. 
Do. 
Do. 
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INDEX. 


Page. 

Aberdeen,  water  supply  of 11,09, 71, 74, 76 

Adams  County,  general  features  of 7-8 

municipal  water-supply  systems  in 8, 

60,71,74,76 

springs  in 9,79,80,81 

weUs,  deep,  in....  8-9,65,66,67,68,69,71,74,76 

Anacortes,  water  supply  of 43, 70, 73, 75, 78 

A  rlington,  water  supply  of. 45, 70, 73, 75, 78 

Asotin,  water  supply  of 9-10 

Asotin  County,  general  features  of. 9 

municipal  water-supply  systems  in 9-10, 

69,71,74,76 

wells  In 10 

Auburn,  water  supply  of 23,69, 72, 74, 77 

Ballard,  water  supply  of 23, 60, 72, 74, 77 

Berlin,  spring  at 26,79,80,81 

Blaine,  water  supply  of 56, 71, 73, 76, 78 

Bossburg,  water  supply  of 51,70,73,75,78 

B  remerton ,  water  supply  of 27, 09, 72, 74 ,  77 

Buckley,  water  supply  of 30, 70, 72, 75, 77 

Byer8,H.O.,  analyses  by.  11,24,25,31,40,46,47,54 

Carbonado,  water  supply  of 39, 

41,70,72,75,77,79,80,81 

Cascades,  spring  at 44,79,80,81 

Castle  Rock,  water  supply  of 17,69,71,74,76 

Centralia,  water  supply  of 33, 70, 72, 75, 77 

Charleston,  water  supply  of. 28, 69, 72, 74, 77 

Cheballs  County,  general  features  of 10-1 1 

municipal  water-supply  systems   and 

wells  in 11-12,60,71,74,76 

Chelan,  water  supply  of 13, 69, 71, 74, 76 

Chelan  County,  general  features  of. 12 

municipal  water-supply  systems  in 13, 

69,71,74,76 

springs  in 13,79,90,81 

Cheney,  water  supply  of 48, 70, 73, 75, 78 

Clallam  Cotmty,  general  features  of 13-14 

municipal  water-supply  systems    and 

wells  in 14,69,71,74,76 

Clarke  County,  general  features  of 15 

municipal  water-supply  systems    and 

wells  in 15,69,71,74,76 

springs  in 15,79,80,81 

Clarkston,  water  supply  of 10 

Clealum,  water  supply  of 29, 69, 72, 74, 77 

Clover  Creek,  water  from,  analysis  of 40 

Colfax,  water  supply  of 58, 71, 73, 76, 78 

Columbia  City,  water  supply  of . . .  24, 6^,  72. 74, 77 
Columbia  County,  general  features  of. 16 

municipal  systems  in 16, 60  71, 74, 76 

springs  in 16,79,80,81 

Colville,  water  supply  of 51, 

65, 66, 67, 68, 70, 73, 75, 78, 79, 80, 81 


Page 

Connell,  well  at 21,65,66,67,68 

Cosmopolis,  water  supply  at 11,60,71,74,76 

Coupeville,  wells  at 66,67,68,60 

Cowlitz  County,  general  features  of 16-17 

municipal  systems  in 17,60, 71, 74, 76 

Cunningham,  well  at 0,65,66,67,68 

Davoiport,  water  supply  of 34, 

35,70,72,75,77,79,80,81 
Dasrton,  water  supply  of. .  16, 69, 71, 74, 76, 79, 80, 81 
Douglas  County,  general  features  of 17-18 

municipal  systems  and  wells  in 18- 

20,69,72,74,77 

Edmunds,  water  supply  oL 46, 70, 73, 75, 78 

Ellensburg,  water  supply  of 29,62, 74, 77 

Enumdaw,  water  supply  of 24, 09, 72, 74 ,  77 

Everett,  water  supply  of 46, 70, 73, 75, 78 

Fairhaven,  water  supply  of 56, 71 ,  73, 76, 78 

Fort  Simcoe,  spring  at 79,80,81 

Franklin  County,  general  features  of 20 

springs  in 21 

wells,  deep,  in 21,65,66,67,68 

Friday  Harbor,  water  supply  of . . .  42, 71 ,  73, 75, 78 

Fulmer,  Elton,  analysis  by 59 

Glenwood,  spring  near 31,79,80,81 

Ooldendale,  water  supply  of 31, 70, 72, 74, 77 

Hamilton,  water  supply  of 43, 70, 73, 75, 78 

Harrington,  water  supply  of 34, 

35,70,72,75,77,79,80,81 

HiUyard,  water  supply  of 49, 

50, 65, 66, 67, 68, 70, 73, 75, 78 

Hoquiam,  water  supply  at 11,69,71,74,76 

II waco,  water  supply  of 38, 70, 72, 75, 77 

Island  County,  wells  in 66,67,68,69 

Issaquah,  water  supply  of 24, 

26,60,72,74,77,79,80,81 
Jefferson  County,  general  features  of 21-22 

municipal  systems  and  wells  in 22, 

69,72,74,77 

Kalama,  water  supply  of 17, 69, 71 ,  74, 76 

Kent,  water  supply  of.  24, 26, 69, 72, 74, 77, 79, 80, 81 
King  County,  general  features  of 22-23 

municipal  systems  in 23-25, 60, 72, 74, 77 

springs  in 26-27, 70,80,81 

Kitsap  County,  general  features  of 27 

municipal  systems  in 27-28, 60, 72, 74, 77 

Kittitas  County,  general  features  of 28-29 

municipal  systems  in 29-30, 69, 72, 74, 77 

Klickitat  County,  general  features  of 30 

municipal  systems  in 31, 70, 72, 74, 77 

springs  in 31-32, 79, 80, 81 

Knight,  H.  G.,  analyses  by 19,26,28 

Laconner,  water  supply  of 43, 70, 73, 75, 78 

Lake.    See  next  word  of  name. 
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Lakeside,  water  supply  of 13, 60, 71, 74, 76 

Latah,  water  supply  of  . .  49, 70, 73, 75, 78, 79, 80, 81 

Lewis  County,  general  features  of 32 

municipal  systems  in 32, 70, 72, 75, 77 

Lincoln  County,  general  features  of 33 

municipal  systems  and  wells  in.  34, 70, 72, 75, 77 

springs  in 34-35,79,80,81 

Loomis,  water  supply  of 37, 70, 72, 75, 77 

Madison,  springs  near 26 

Maplewood  Springs,  water  supply  derived 

from 39,41.70,72,75,77,79,81 

Marcas,  water  supply  of 51, 70, 73, 75, 78 

Mariner,  Q.  A.,  analyses  by 49 

Marysville,  water  supply  of 46, 70, 73, 75, 78 

Mason  County,  general  features  of 35 

municipal  systems  and  wells  in.  36, 70, 72, 75, 77 

springs  In 36,79,80,81 

Medical  Lake,  water  supply  of 48, 70, 73, 75, 78 

Monroe,  water  supply  of 46, 70, 73, 75, 78 

Monte  Cristo,  water  supply  of 47, 70, 73, 75, 78 

Montesano,  water  supply  at . . .  1 1-12, 69, 71, 74, 76 

Moses  Lake,  description  of 19 

Mount  Vernon,  water  supply  of . . .  43, 70, 73, 75, 78 
Municipal  water-supply  systems,  in  Adams 

County 8,69, 71,74,76 

in  Asotin  County 9-10, 69, 71, 74, 76 

in  Chehalis  County 11-12, 69, 71, 74, 76 

In  Chelan  County 13, 69, 71, 74, 76 

in  Clallam  County 14,69,71,74.76 

in  Clarke  County 15, 69, 71 ,  74, 76 

in  Columbia  County 16, 69, 71, 74, 76 

in  Cowlitz  County 17,69,71,74, 76 

In  Douglas  County 18-20, 69, 72, 74, 77 

in  Jefferson  County 22, 69, 72, 74, 77 

in  King  County 23-25,69, 72, 74, 77 

in  Kitsap  County 27-28, 69, 72, 74, 77 

in  Kittitas  County 29-30, 69, 72, 74, 77 

in  Klickitat  County 31,70,72,74,77 

in  Lewis  County 33,70,72,75,77 

in  Lincoln  County 34. 70, 72, 75, 77 

in  Mason  County 36,70,72,75,77 

in  Okanogan  County 37, 70, 72, 75, 77 

In  Pacific  County 38,70,72,75,77 

in  Pierce  County 39-40, 70, 72, 75, 77 

in  San  Juan  County 42, 70, 73, 75, 78 

In  Skagit  County 43,70,73,75,78 

In  Snohomish  County 45-47, 70, 73, 75, 78 

in  Spokane  County 48-49, 70, 73, 75, 78 

in  Stevens  County 51, 70, 73, 75, 78 

in  Thurston  County 52, 71, 73, 75, 78 

In  Walla  walla  County 64, 71, 73, 76, 78 

In  Whatcom  County 56, 71,73, 76, 78 

in  Whitman  County 58-59, 71, 73, 76, 78 

in  Yakima  County 62-63, 71 ,  73, 76, 78 

North  Yakima,  water  supply  of 62, 

63,66,67,68,71,73,76,78 

North  port,  water  supply  of 51, 70, 73, 76, 78 

Oakesdale,  water  supply  of 58, 71, 73. 76, 78 

Ocosta,  water  supply  at 12, 69, 71, 74, 76 

Okanogan  County,  general  features  of 36-37 

municipal  systems  in 37, 70, 72, 75, 77 

Olympia,  water  supply  of 52, 71, 73, 75, 78 

Ortlng,  water  supply  of 39, 

41,70,72,75,77,79,80,81 

Pacific  County,  general  features  of 37-38 

municipal  systems  in 38, 70, 72, 75, 77 


Ps«?- 

Padden,  Lake,  water  from,  analvBla  of ift 

Palouse,  water  supply  of 59-^,66,67.9^ 

PeEIl,  water  supply  of 33, 70,717?. r 

Pierce  County,  general  features  of >-» 

municipal  systems  in 39-40, 7(^72. 73.  r 

springs  in 39.40,41,79.v4\>^i 

Port  Angeles,  water  supply  of 14,a»,7l,T4.T' 

Port  Blakeley,  water  supply  of 28,69,72,74  r 

Port  Crescent,  water  supply  of 14, 69, 71, 74.  t* 

Port  Gamble,  water  supply  of 28,68,72,74." 

Port  Ludlow,  water  supply  at 22,«».72,74.r 

Port  Townsend,  water  supply  at . .  22, 69, 72. 74,  r: 

Prosser,  water  supply  of 83, 71, 73, 7E.  > 

Pullman,  water  supply  ol  59, 60,  es,  68, 71, 73.  T«.  > 

Puyallup,  water  supply  of S* 

41, 70, 72, 75, 77, 79,  «.M 

Rainfall  in  Adams  County •• 

In  Asotin  County '.• 

in  Chelan  County u 

In  Clallam  County l 

In  Clarke  County \' 

in  Columbia  County :f 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intbriok, 
United  States  Geological  Survey, 

Reclamation  Service, 
Washington^  D.  6*1,  March  28^  190k,, 

Sir:  I  have  the  honor  to  transmit,  for  publication  in  the  series  of 
Water-Supply  and  Irrigation  Papers,  a  manuscript  entitled  "Under- 
flow Tests  in  the  Drainage  Basin  of  Los  Angeles  River,"  by  Mr. 
Homer  Hamlin. 

The  report  describes  the  conditions  under  which  ground  water 

usually  occurs  in  arid  regions  and  the  fluctuations  in  the  water  level 

due  to  rainfall  and  other  causes.     The  methods  used  in  obtaining  this 

information  are  of  interest,  and  the  paper  will  contribute  valuable 

material  to  the  important  subject  of  underground  waters  and  their  use 

in  the  arid  regions. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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UNDERFLOW  TESTS  IN  THE  DRAINAGE  BASIN  OF  LOS 

ANGELES  RIVER. 


By  Homer  Hamlin. 


INTRODUCTION. 

The  purpose  of  this  report  is  to  assemble  in  one  publication  the 
results  of  a  series  of  underflow  tests  made  in  the  drainage  basin  of 
Los  Angeles  River  in  1902  and  1903  by  the  United  States  Geological 
Survey. 

This  report  briefly  describes  the  conditions  under  which  ground 
water  usually  occurs,  especially  in  arid  regions,  and  the  fluctuations  in 
its  water  level  due  to  rainfall  and  to  sinking  flood  waters. 

The  method  of  testing  used  was  invented  by  Prof.  Charles  S.  Slich- 
ter,  and  is  fully  described  in  ''The  Motions  of  Underground  Waters." ^ 
Up  to  the  present  few  investigators  have  used  this  method. 

An  attempt  has  been  made  to  describe  briefly  the  method  of  sinking 
test  wells  and  the  machinery  designed  and  used  during  this  investiga- 
tion. The  various  devices  used  in  testing  and  the  arrangement  of  the 
instruments,  the  methods  of  testing  found  most  satisfactory,  the 
results  obtained  at  each  of  the  testing  stations,  and  the  amount  of 
undei-flow  supposed  to  pass  the  Huron  street  section,  are  fully 
described. 

GBOUNB  WATER. 

By  ground  water  is  meant  water  percolating  beneath  the  surface  of 
the  earth.  The  original  source  of  all  ground  water  is  rainfall.  Part 
of  the  rain  soaks  into  the  ground  and  percolates  downward  until  it 
reaches  a  level  where  the  interstices  of  the  rocks,  sand,  and  gravel  are 
already  saturated;  another  part  is  absorbed  by  growing  plants  or 
evaporated  from  the  surface  of  the  ground;  and  still  another  part 
loms  off  in  surface  streams. 

aSlicbter,  Charles  S.,  The  motions  of  underground  waters:  Water-Sup.  and  Irr.  Paper  No.  67,  U.  8. 
Geol.  Survey,  1902. 
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WATER  TABIiE. 

The  upper  surface  of  the  water-soaked  zone  in  pervious  ground  i^ 
called  the  water  table  or  water  plane.  From  the  surface  of  the 
ground  to  the  water  table  the  ground  is  damp  but  not  saturated^  and 
all  contributions  of  surface  water  continually  tend  to  sink  downward, 
while  below  this  level  the  ground  is  completely  saturated;  that  is.  all 
of  the  open  spaces  between  the  rock  particles  are  full  of  water.  Tht- 
water  table  is  the  level  at  which  water  is  struck  in  a  well.  In  artesian 
belts  the  water  is  under  pressure,  being  confined  by  overlying  impervi 
ous  strata,  and  when  such  strata  are  pierced  it  rises  to  the  level  of 
the  outcrop  of  the  water-bearing  formation.  The  water  table  is  not 
a  level  plane  like  the  surface  of  a  lake,  except  rarely  in  inclosed 
Imsins,  but  usually  lias  a  slope  toward  the  main  drainage  lines  of  the 
region,  to  which  the  ground  water  slowly  flows.  The  slope;^  ujsually 
follow  in  a  general  way  the  surface  topography,  but  are  much  flatter. 

FliUCTUATIONS  OF  WATER  TABIiE. 

As  the  ground  below  the  water  table  is  completely  saturated,  any 
contributions  of  water  from  the  surface  must  result  either  in  raising  tlir 
water  table  or  in  a  lateral  movement  of  the  ground  water  toward  some 
outlet.  Usuall}^  both  phenomena  occur,  the  lateral  flow  being  a  result 
of  and  following  the  rise  in  the  water  table.  In  humid  regions  the 
supply  from  rainfall  is  so  nearly  constant  throughout  the  seasons  that 
the  position  of  the  water  table  is  practically  fixed,  and  the  rate  of 
lateral  movement  does  not  change  appreciably  from  year  to  year.  In 
arid  regions  much  of  the  ground  water  under  the  plains  and  valleys  is 
supplied  by  the  streams  which  pour  down  from  adjacent  mountain 
ranges.  When  such  streams  leave  the  mountain  canyons  they  soon 
sink  in  their  debris  cones  of  sand,  gravel,  and  bowlders;  in  such  local- 
ities the  water  table  is  sometimes  200  or  3<X)  feet  below  the  surfiace. 
When  in  flood  such  streams  discharge  enormous  quantities  of  water, 
which  sinks  and  is  added  to  the  ground  water  of  the  region.  The 
immediate  result  is  the  raising  of  the  water  table,  often  25  to  50  feet, 
over  the  region  where  the  sinking  occurs.  The  ground  w^ater  after- 
wards flows  outward  in  a  generally  horizontal  direction  from  the,'^ 
regions  and  the  water  table  is  gradually  lowered.  In  arid  regions  the 
water  table  rises  sometimes  many  feet  during  rainy  seasons  and  gradu- 
ally sinks  in  dry  years  or  during  the  drj^  season. 

Vl<:iiOCITY  OF  UNBERFliOW. 

The  slowly  moving  ground  water  beneath  a  stream  l>ed  or  valley  is 
usually  designated  "the  underflow."  In  order  to  estimate  accurately 
the  amount  of  ground  water  passing  a  given  section,  it  is  necessarj^  to 
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know,  among  other  factors,  the  rate  of  movement  or  velocity  of  the 
underflow  through  the  pervious  beds  below.  This  is  convenicntlv' 
measured  by  the  method  invented  by  Profiessor  Slichter."  Briefly  the 
method  is  as  follows: 

A  group  of  four  or  Ave  wells  ari-anged  as  shown  in  figs.  9  and  10  is 
sunk  at  the  locality  where  the  underflow  is  to  be  t-ested.  Well  A  is 
phu^ed  upstream,  or  in  the  direction  from  which  the  underflow  is  sup- 
lK)sed  to  come,  and  the  wells  B,  C,  D,  and  E  are  spaced  downstream 
at  a  uniform  distance  from  well  A.  All  of  these  wells  are  of  small 
diameter  (drive  pipe,  li  to  2  inches)  and  have  from  4  to  8  feet  of  per- 
forated screen,  usually  ordinary  well  points,  at  the  lower  end.  These 
perforations  allow  the  percolating  water  to  pass  through  the  pipe 
driven  into  the  pervaous  stratum  to  be  tested.  The  upper  well,  A,  is 
charged  with  a  chemical,  usually  sal  ammoniac  (NH^Cl).  which  dis- 
solves in  the  water  passing  through  the  well  and  is  carried  along  by 
the  underflow  to  one  or  more  of  the  lower  wells — which  ones  depends 
upon  the  direction  of  the  underflow.  The  arrival  at  one  of  the  lower 
wells  of  water  containing  sal  ammoniac  in  solution  is  detected  by 
means  of  electrical  instruments. 

METHODS  AND  APPARATUS  USED  IN  UNDERFTiOW  TESTS. 

In  September,  1902,  the  writer  was  placed  in  charge  of  experiments 
to  determine,  if  possible,  the  amount  of  underflow  passing  through 
the  narrows  of  Los  Angeles  River  at  Huron  street,  Los  Angeles,  Cal. 

Velocity  measurements  were  begun  under  direction  of  Prof.  Charles 
S.  Slichter,  with  the  apparatus  invented  by  him.  As  the  work  pro- 
gi'essed  and  tests  at  greater  depths  were  made  it  was  found  necessary 
to  modify  this  apparatus  to  suit  local  conditions. 

LOCATION  OF  TEST  WELLS. 

The  first  step  in  testing  the  velocity  of  an  underflow  is  to  determine, 
approximately,  the  direction  in  which  the  underflow  moves,  and  the 
second  is  to  drill  the  test  wells  for  measuring  it.  If  the  locality  chosen 
is  in  a  narrow  valley  or  canyon  bounded  by  rock  walls,  it  is  obvious  that 
the  underflow  must  be  down  the  general  trend  of  the  valley.  If,  how- 
ever, the  tests  are  to  be  made  in  a  wide  valley  or  plain,  it  is  advisable 
to  ascertain  the  extent  and  slope  of  the  water  table  in  the  vicinity. 

If  there  are  wells  near,  they  should  be  located  by  some  of  the  ordi- 
nary methods  of  surveying,  and  levels  referred  to  some  permanent 
bench  mark  should  be  run  and  the  surface  elevation  at  each  well  deter- 
mined. The  depth  to  water  should  be  measured  and  the  elevation  of 
the  water  table  computed.  It  is  sometimes  necessary  to  sink  addi 
tional  test  wells,  which  should  be  located  as  just  described.     The  data 

a  Water-Sup.  and  Irr.  Paper  No.  67,  U.  S.  Qeol.  Survey,  pp.  48-61. 
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should  bo  platted  on  a  map  and  contours,  or  lines  of  equal  elevation.,  of 
the  water  table  drawn,  and  the  slope  of  the  water  table  determined. 
The  movement  of  the  ground  water  in  genei'al  is  down  the  slope  of  the 
water  table. 

Fig.  21  (p.  42)  is  a  map  of  the  narrows  of  Los  Angeles  River  at 
Huron  street,  Los  Angeles,  Cal.,  showing  the  extent  and  slope  of  the 
water  table  at  that  locality.  The  broken  contour  lines  show  the  form 
of  the  water  table  in  Decemljer,  1902;  the  dotted  contour  lines  the 
form  in  June,  1903.  The  rise  in  the  water  table  was  due  to  the 
sinking  flood  waters  of  the  Arroyo  Seco,  which  enters  Ijos  Angeles 
River  a  short  distance  below.  Its  channel  is  usually  a  dry  wash  of 
sand  and  bowlders,  but  was  in  flood  during  March  and  April,  1902, 
and  the  map  shows  plainly  the  sudden  rise  in  the  ground  water  due  to 
the  sinking  of  the  storm  waters. 

A  practical  conclusion  to  be  drawn  from  this  map  is  that  in  order 
to  avoid  the  disturbing  influence  of  the  fluctuations  of  a  tributary 
stream  the  test  wells  should  be  located  a  considerable  distance  either 
above  or  below  the  mouth  of  such  a  stream. 

When  the  slope  of  the  water  table  and  the  approximate  direction  of 
the  underflow  have  been  ascertained,  wells  for  testing  the  velocity 
should  be  sunk  in  groups  arranged  as  shown  in  figs.  9  and  10  (pp. 
24  and  25).  They  may  be  sunk  by  any  of  several  methods,  depending 
on  the  locality,  depth  to  the  water  table,  coarseness  of  material,  etc, 

HAND   DRIVING. 

For  shallow  wells  in  unconsolidated  material  ordinary  well  points. 
as  shown  in  figs.  2  and  3  of  PI.  I,  A^  may  be  used.  These  are  screwe<l 
on  a  length  of  standard  or  extra  strong  wrought-iron  pipe  and  simply 
driven  into  the  porous  strata.  Two  men  using  a  heavy  wood  maul, 
as  shown  in  PI.  I,  B,  can  drive  such  wells  to  a  considerable  depth,  and, 
in  such  cases,  this  is  a  rapid  and  economical  method.  It  is  not  possi- 
ble, however,  to  collect  samples  of  the  material  penetrated,  and  the 
porosity  must  be  estimated  from  the  amount  of  water  yielded  when 
the  wells  are  pumped.  This  method  was  used  in  the  first  velocity  test 
made  in  Los  Angeles  River,  but  was  abandoned  as  unsatisfactory 
when  deeper  tests  were  attempted. 

A  portable  hand  rig  is  sometimes  used  to  drive  well  points.  Ordi- 
narily two  men  can  drive  as  many  feet  a  day  with  a  maul  as  with  the 
hand  rig  in  unconsolidated  sands,  unless  the  wells  are  deep.  When 
used  in  combination  with  the  hydraulic-jet  method  of  sinking  wells, 
suc^h  a  rig  will  sink  a  pipe  to  a  considerable  depth,  depending  on  the 
material  penetrated,  but  when  the  material  is  coarse  a  point  is  soon 
reached  beyond  which  it  is  impossible  to  drive  any  style  of  small  pipe, 
as  it  is  telescoped  or  battered  bj^  the  hammer. 
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WELL-DRILLING   RIG. 

When  wells  are  to  be  sunk  to  a  considerable  depth,  100  to  150  feet 
for  instance,  in  very  coarse  material,  some  kind  of  machinery  is 
necessary.  A  rapid  and  economical  method  is  a  modification  of  the 
hydraulic-jet  process  of  deep-well  drilling  by  combination  with  driv- 
ing. This  method  consists  of  three  distinct  processes — (1)  driving  the 
pipe;  (2)  chopping  up  and  washing  out  the  sand  and  gravel  that 
enters  the  bottom  of  the  pipe  as  it  is  driven  downward;  (3)  turning 
or  rotating  the  pipe  to  keep  the  hole  straight  and  to  reduce  the  f  ric- 
tional  resistance  to  driving.  A  rig  equipped  for  this  work,  with  the 
machinery  assembled,  is  shown  on  PI.  II.  It  consists  of  the  derrick 
for  hoisting  the  heavy  drivepipe,  a  hammer  for  driving  the  pipe,  wash 
rods  and  chopping  bit  for  hydraulicking,  a  pump  for  forcing  water 
down  the  wash  rods  under  pressure,  and  a  rotator  for  turning  the 
pipe.  The  whole  is  driven  by  a  gasoline  engine  with  a  hoisting  attach- 
ment. This  machinery  was  designed  to  meet  the  local  conditions  of 
sinking  wells  to  a  depth  of  100'  to  160  feet  in  very  coarse  sharp  sand, 
gravel,  and  bowlders.  It  has  proved  economical  and  satisfactory  in 
actual  use  for  several  months. 

MACHINE  DRILLING. 

When  starting  a  well,  a  hole  is  first  dug  to  a  depth  of  4  or  5  feet 
and  a  10-foot  length  of  drivepipe  with  a  shoe  firmly  screwed  on  is 
inserted  vertically,  passing  up  through  the  rotator  (a),  as  shown  on  PI. 
Ill,  A.  It  must  be  plumted  carefully,  for  if  it  is  not  driven  straight 
the  wells  will  not  be  properly  spaced  at  the  bottom,  and  this  will 
introduce  errors  into  the  velocity  measurements.  About  13  to  15 
feet  of  wash  rod,  with  a  chopping  bit  attached,  is  then  inserted  in 
the  drivepipe,  projecting  about  3  feet  above  the  top.  The  drive  head 
(c)  is  then  screwed  on  the  drivepipe  with  the  wash  rods  projecting 
up  through  the  hole  in  the  center.  The  buflPer  block  (e)  and  hammer 
(f)  should  then  be  slipped  over  the  wash  rods  which  serve  as  a  guide 
for  the  hammer,  and  the  water  swivel  (g),  with  the  hose  attached, 
should  be  screwed  to  the  top  of  the  wash  rods.  The  ropes  for  hoist- 
ing and  driving  and  the  sprocket  chain  for  driving  the  rotator,  etc., 
are  attached  as  shown  on  PI.  II,  A,  and  PL  III,  A. 

The  rig  is  operated  as  follows:  Drive  the  pipe  a  few  feet  by  tapping 
lightly  with  the  hammer,  then  start  the  pump  and  force  water  down 
the  wash  rods  and  through  the  chopping  bit.  The  rods  should  be 
churned  up  and  down  like  a  chum  drill  until  the  drivepipe  is  clear  of 
sand  to  the  bottom  of  the  shoe.  The  chopping  bit  can  be  opei'ated 
with,  or  independent  of,  the  rest  of  the  driving  apparatus  by  a  line 
passing  over  the  middle  sheave  of  the  hoisting  block.  When  the  well 
is  shallow  the  chopping  can  be  done  by  hand,  but  when  deep  it  is 
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necessary  to  use  the  winch  or  winding  drum  on  the  engine.  The 
water  swivel  is  made  with  a  projecting  base  larger  than  the  holt- 
through  the  hammer  (see  fig.  7).  By  means  of  this  device  it  is  jjossiF*!*- 
to  drill  with  the  chopping  bit  and  at  the  same  time  drive  the  pip«^ 
with  the  hammer.  The  length  of  wash  rods  is  so  adjusted  that  the 
water  swivel  is  6  inches  to  1  foot  above  the  top  of  the  hammer,  when 
it  rests  on  the  drive  head.  As  the  ordinary  stroke  of  the  hammer  is  1 
to  2  feet,  the  wash  rods  will  be  I'aised  from  6  inches  to  1  foot  at  each 
stroke.  When  the  hammer  is  dropped  the  rods  drop  with  it  until  the 
chopping  bit  strikes  the  sand  in  the  hole,  while  the  hammer  still  fall> 
and  almost  instantlv  strikes  the  drive  head.  This  is  done  automaticallv. 
the  only  attention  required  from  the  driller  being  the  gradual  lowering 
of  the  wash  rods  as  the  pipe  is  driven  downward.  The  water  which  is 
forced  out  in  jets  through  the  chopping  bit  washes  the  pulverized  sand 
and  gravel  up  through  the  drivepipe  to  the  surface.  The  drivepipe 
should  be  turned  from  three  to  five  times  per  minute  by  an  ordinary 
rotator  such  as  is  used  with  hydi-aulic-well  rigs.  The  rotator  should 
be  run  from  the  engine  by  a  sprocket  chain  passing  over  sprocket 
wheels,  as  shown  on  PL  II,  B,  and  PI.  Ill,  A.  When  the  wells  are 
shallow  two  men  with  chain  tongs  can  usually  turn  the  pipe. 

This  method  is  particularly  adapted  to  sinking  wells  in  coarse  sand 
and  bowlders.  The  drivepipe  should  be  double,  extra-strong,  steel 
pipe  to  secure  the  strength  and  stiffness  necessary  to  prevent  bending 
when  forced  through  coarse  materials,  and  its  internal  diameter  should 
be  at  least  2i  inches.  It  is  sometimes  very  difficult  to  pull  a  long 
string  of  drivepipe,  especially  to  start  it.  The  only  practicable  way 
is  to  use  jackscrews,  as  shown  on  PI.  Ill,  £^  or  use  block  and  tackle 
with  the  engine  at  the  same  time  turning  the  pipe  with  the  rotator. 
Below  is  a  more  detailed  description  of  machinery  used. 

APPARATUS. 
ENGINE. 

In  the  selection  of  an  engine,  consideration  must  be  given  to  the  cost 
of  fuel,  transportation  facilities,  weight  of  machinery,  etc.  When 
fuel  is  expensive  and  water  scarce,  a  gasoline  engine  will  be  found 
economical.  For  ordinary  drilling  when  the  depth  of  the  wells  does 
not  exceed  150  or  200  feet,  a  6  to  8  horsepower  engine  will  furnish 
the  necessary  power.  A  very  convenient  type  of  engine  is  shown  on 
PI.  II,  £,  It  is  a  vertical  gasoline  engine  geared  to  a  hoisting  drum, 
which  is  controlled  by  means  of  a  friction  clutch  and  brakes.  The 
drum  is  used  to  raise  the  hammer  and  wash  rods,  for  hoisting  pipe,  etc. 
From  ten  to  twenty  blows  per  minute  can  be  struck  with  the  hammer 
in  driving  pipe.     The  small  winch  on  the  engine  is  used  for  pulling 
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pipe,  moving  heavy  weights,  moving  the  engine,  etc.  The  engine  is 
belted  to  a  force  pump,  which  supplies  water  for  hydraulicking,  and  is 
connected  to  the  rotator  by  a  sprocket  chain.  The  engine  shown  in 
the  cut  is  but  3  horsepower  and  is  too  light  for  deep  wells,  but  has 
proved  very  economical  in  fuel  consumption,  using  but  3  to  4  quarts 
of  gasoline  per  day  in  ordinary  drilling;  in  addition  it  has  required 
but  little  attendance,  is  light,  and  easily  moved. 

PUMP. 

The  pump  should  be  a  suction  force  pump,  capable  of  delivering 
water  under  a  pressure  as  high  as  150  pounds  per  square  inch,  with  a 
discharge  of  20  to  50  gallons  per  minute.  It  should  be  provided  with 
a  safet}'  valve  to  prevent  excessive  pressure.  The  pump  must  be  able 
to  draw  a  supply  from  one  to  two  driven  wells,  when  the  water  table 
is  within  reach.  In  other  cases  it  will  be  necessary  to  haul  water  for 
hydraulicking — ^an  expensive  and  troublesome  method. 

Connection  between  the  pump  and  the  wash  pipe,  as  shown  in  PI. 
II,  A  and  B^  and  PL  III,  -4,  is  made  by  means  of  25  to  30  feet  of 
flexible  hose  of  good  quality  to  withstand  high  pressure.  Ten  to  15 
feet  of  2-inch  suction  hose  will  be  needed  to  connect  the  pump  with  the 
drive  wells  from  which  the  wash  water  will  usually  be  pumped. 

LIGHT   DRrVEPIPE. 

For  shallow  wells  driven  by  hand  in  unconsolidated  material  tlie 
ordinary  standard  or  extra-strong  pipe  will  answer  for  drivepipe.  It 
can  usually  be  pulled  and  used  several  times.  The  outside  couplings 
of  such  pipe  greatly  increase  the  frictional  resistance  in  driving  and 
pulling,  and  a  considerable  percentage  of  pipe  is  sure  to  be  left  in  the 
ground.  Extra-strong  pipe  is  sometimes  fitted  with  flush-joint  coup- 
lings, but  so  much  metal  is  cut  away^  at  the  joint  that  they  are  frail 
and  will  not  withstand  hard  driving,  breaking  at  the  joint  when  the 
pipe  does  not  go  down  straight. 

HEAVY   DRIVEPIPE. 

For  deep  wells  the  drivepipe  should  be  what  is  known  to  the  trade 
as  double-extra-strong  steel  pipe  with  joints  flush  inside  and  out. 
The  inside  diameter  of  the  drivepipe  must  be  at  least  2i  inches.  The 
nearest  commercial  size  to  this  is  known  as  3-inch  pipe;  its  actual 
diameter  is  3^  inches  outside  and  2.284  inches  inside,  the  thick- 
ness of  its  shell  0.608  inch  and  its  weight  18.56  pounds  per  linear 
foot.  Rings  of  tough  Norway  iron  of  the  same  diameter  and  thick- 
ness as  the  pipe,  and  6  or  8  inches  long,  should  be  welded  on  both 
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eiidH  of  e&ch  IcDgth  of  pipe,  in  whicli  the  dush-joint  I'otiplin]^  >h<iLj : 
be  turned.     A  taper  thre^  with  butt  joint.",  as  shown  in  tig.  1.  l)u- 
been  found  satisftM-torj  and  stands  much  hard  usage.     Thi.s  form  of 
thread  has  the  advantage  of  a  firm  bearing  throughout  its  entire  leiifrili 
when  it  is  screwed  up  tight.     The  pipe  should  be  finished  in  lengtL- 
of  exactly  10  feet  with  a  few  additional  short 
lengths  of  5  feet.     A  1^  to  2  foot  length  (A  or 
PI.  Hi,  ,1.)  should  also  lie  provided  with  a  ]i- 
inch  hole  drilled  through  it  about  midway  of 
its  length  to  allow  the  wash  water  and  s«nd  lo 
run  out;  the  drive  head  should  be  screwed  on 
the  upper  end  of  this  short         _  _ 

length.     Such   a  drivepipe  —  ' 

is  stiff  and  heavy  enoiigh  to  ' 
stand  ivpeated  blows  from 
the  haiiiiuer.     The  fact  that  > 
there  arc  no  outside  coup- 
lings make  it  far  easier  to  j  i 
drive  and  pull  than  the  or-  ; 
dinary  pijK). 

anoK.  'i; 

The    lower    end    of    the   ; 

drivepipe  must  be  protected   i 

from  injury  bya  shoe.    The   : 

form  shown   in   tig.   2  has 

been  found  satisfactory.    It 

should    be    turned    out  of 

tough  steel,  the  outside  di- 

amet€r  being  a  trifle  greater 

^__      _  than  the  outside  of  the  drive- 

yra.L  HeaTT drivepipB.  pipe,  and  the  inside  diame- 
ter the  same.  If  it  is  to  be  used  with  a  rotator 
the  cutting  edge  should  be  notched  and  well  tem- 
pered, as  it  will  then  cut  its  waj'  downward 
more  readily.  The  threads  should  l>e  the  same 
as  on  the  drivepipe,  so  that  it  will  fit  on  any 
length. 

DRIVE   HEAD. 

The  drive  head,  as  shown  in  fig.  3,  should  be  made  of  steel,  accu- 
rately turned  to  fit  the  drive  pipe  on  which  it  is  st-rewed,  and  strong 
enough  to  withstand  long-continued  driving.  The  wash  rods  pass  iip 
through  the  hole  in  thf  center  of  the  head,  serving  as  a  guide  for  tht- 
hammer  (see  c  on  PL  III,  A).    The  four  holes  drilled  in  the  side  are 


Bottom  plan 
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sockets  for  rods  used  in  screwing  on  the  head  or  in  handling  the  pipt\ 
A  bail  for  lifting  can  be  sprung  into  these  holes,  if  desirable,  but  an 
eyebolt  passing  through  the  hole  in  the  center  and  loosely  fastened  with 
a  nut  and  washer  inside  the  drive  hea<l  will  act  as  a  swivel  and  be  found 
stronger  and  more  convenient  when  pulling  pipe,  hoisting,  etc. 

BOFFBR   BLOCK. 

A  wooden  block  should  be  placed  between  the  hammer  and  the  drive 
head  to  prevent  the  destruction  of  both.     A  convenient  form  is  shown 

SeoUon  cm.  line  A-B 
Top  view 


7io.  8.— Drive  head.  •  Fio.  4.— ButTer  block. 

in  fig.  4.  It  is  simply  an  oak  or  other  hardwood  block  with  the  grain 
of  the  wood  vertical,  securely  bound  with  an  iron  band.  A  hole  should 
be  bored  through  the  middle  and  the  block  may  then  be  slipped  over 
the  wash  rods  and  rest  on  the  drive  head,  as  shown  at  e  on  PI.  lU,  A. 


A  hammer  of  the  form  shown  in  fig.  .'>  requires  no  guides,  but  slides 
up  and  down  on  the  wash  rods.  It  may  Ik-  made  of  (■ast  iron  with  pro- 
jecting ears  for  attaching  the  hoisting  ropes.    When  it  is  necessary  to 
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add  a  length  of  drive  pipe,  the  hammer  can  be  raised  off  the  waab  rod.-. 

swung  to  one  side,  and  lowered  to  the  ground.     It  is  raised  and  lowerwl 

iudependeotly  of  the  wash  rods  by  means  of  two  ropes,  which  pa:vs  up 

Section  on  line  A-3  through  the  outside  sheaves  of  the 

hoisting  block  at  the  apex  of  ibf 

derrick  and  thence  to  the  winding 

drum  of  the  engine,  a."  shown  on  PI. 

II,  ^,  and  at  f  on  PI.  111.  A. 

WASH    RODS. 

The  wa^h  rods  should  be  made  of 
what  is  known  asdouble-extni-strong 
1-inch  pipe,  the  diameter  being  l.olo 
inches  outside  and  0.587  inch  inidde, 
the  thickness   of  the    shUm*.*^ 
shell   0.364   inch,  and 
the  weight  3.65  pounds 
per  linear   foot.     The 
rods  should  have  rings 
of  Norway  iron  on  each 
end  and  the  same  style 
of  tnpor  thread  as  the 
large  drive  pipe  shown 
in  fig.  1.     When  fin- 
ished, the  rods  should 
be  exactly  10  feet  in 
length,  but  several  5- 
foot  and  2-foot  pieces 
Seotim  on  tine  o-D  should  also  be  on  hand. 

Fra.  5.— Hammer.  If  deep  wells  are  to  be 

drilled,  heavier  wash  rods  will  l>e  necessary.  This  will 
re<]uire  larger  holes  than  those  figured  in  the  drive  head, 
buffer  block,  and  hammer. 

CHOl'l'lNU   BIT. 

The  chopping  bit  should  he  made  of  best  tool  steel.  A 
dmwing  of  the  bit  in  use  is  shown  in  fig.  6.  It  should  be 
se<^urely  welded  to  a  5- foot  length  of  wash  rod  instead  of 
being  screwed  to  it,  otherwise  when  drilling  in  coarse 
material  or  bowlders  it  will  probably  be  broken  off  and  I^ZStHl!^ 
lostin  thewctl.    The  cut  shows  the  bit  welded  to  a  length  " 

of  double- extra- strong  li-inch  pipe,  commercial  size. 

Tbi'-  edges  »if  the  star  bit  should  not  he  drawn  down  too  thin,  and 
must  be  well  tempered  to  withstand  hard  usage,  for  when  drilling 
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Ihe  tmpm^t  of  the  heavy  striny  of  WHsh  rods,  when  dropped  seveial 
fi'ct,  must  l>o   Ixirnc  In-  the  chopping  hit,     Tho  holes  through  the 
bit  should  l»e  of  ample  size  to  deliver  enough  water  to  raise  the  pul- 
verized sand  and  gravel  to  the  surface  and 
still  must  be  small   enough   to   give  the 
Issuing  jet  a  high  velo^^ity. 

WATEU    SWIVEL, 

A  swivel  connection  between  the  hose 
aiid  the  wash  rods  is  necessary  to  permit 
turning  the  chopping  bit,  making  connec- 
tions, etc.  The  form  shown  in  fig.  7 
has  been  found  convenient.  It  should  be 
strong  and  well  made,  as  the  hammer  , 
engages  with  the  lower  part  of  the  swivel  j 
in  raising  the  wash  rod.  As  sand  and 
gravel  in  the  drive  pipe  sometimes  pack 
around  the  drill  and  rods,  the  pull  on 
the  swivel  may  be  considerable,  perhaps 
enough  to  stop  the  engine,  in  which  case 
the  wash  rods  must  be  jarred  loose  by 
upward  blows  with  the  hammer. 


The  derrick  may  l)e  made  of  three  tim- 
bers, about  4  by  6  inches,  and  30  to  36 
feet  long,  as  shown  in  PI.  II,  A.  Holes 
are  bored  through  the  top  and  the  timbers 
loosely  connected  by  a  l-inch  bolt,  from 
which  is  su.spended  a  long  clevis,  to  which 
the  hoisting  blocks  are  attached.  Such  a 
tripod  can  be  quickly  raised,  lowered,  or 
adjusted  over  a  well.  8lats  nailed  on  the 
timbers  serve  as  a  ladder  for  reaching 
the  top. 


The  lines  from  the  hammer  should  be 
run  up  over  the  outside  sheaves  of  a  triple  block,  and  then  to  the 
winding  drum  of  the  engine,  as  shown  in  PI.  II,  A.  The  line  from 
the  wash  rods  is  run  over  the  center  sheave  and  then  fast«ned  to 
a  cleat  on  one  leg  of  the  tripod.  By  this  arrangement  the  rods  can 
be  easily  raised  or  lowered   by  hand,  or   suspended  at  any  height. 
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A  double  block  should  be  provided  for  use  with  the  triple  block  in 
pulling  the  drive  pipe,  moving  the  engine,  etc. 

WELL   POINTS. 

When  wells  are  shallow  and  the  material  to  be  penetrated  is  soil  or 
unconsolidated  sand,  it  is  economical  to  drive  ordinary  li  or  2  imh 
points.  These  are  usually  in  4-foot  lengths  and  are  made  by  perfo- 
rating standard  or  extra-strong  wrought-iron  pipe  with  seven  rows  of 
oblong  holes  three-eighths  by  one-half  inch.  Around  the  outside  of 
the  perforated  pipe  is  wrapped  a  fine  brass  screen  of  No.  35  wire  with 
about  2,500  meshes  per  square  inch;  over  the  gauze  is  wrapped  a  per- 
forated brass  screen  with  28  one-eighth  inch  holes  per  square  inch,  the 
whole  being  securely  soldered  to  the  perforated  pipe  along  the  vertical 
seam.  The  gauze  strains  out  the  fine  sand  and  silt,  but  allows  the 
water  to  enter  the  well,  and  the  brass  screen  is  put  on  to  protect  the 
gauze.  Fig.  1  of  PI.  I,  J.,  shows  such  a  well  point  with  the  screen  and 
gauze  partly  removed.  This  style  of  point  serves  for  both  a  well  and 
for  part  of  the  testing  apparatus  as  described  on  page  26. 

When  the  material  is  compact,  or  contains  cobblestones  or  bowlders, 
these  well  points  fail,  either  by  bending,  by  breaking,  or  by  stripping 
off  the  outside  screen  and  gauze.  If  the  material  contains  stones 
large  enough  to  deflect  the  pipe,  it  will  bend  and  either  break  in  driv- 
ing or  in  pulling;  in  fact,  it  is  almost  impossible  to  pull  a  crooked 
pipe,  as  it  will  break  at  one  of  the  couplings.  When  the  material  L< 
compact  and  coarse  the  frictional  resistance  on  the  screen  will  often 
strip  it  entirely  off  of  the  pipe,  leaving  it  as  shown  in  figs.  1  or  3  of 
PI.  I,  A.  To  overcome  these  difficulties  the  experiment  of  placing  a 
fine  screen  on  the  inside  of  the  perforated  drive  pipe  was  tried  and 
found  quite  satisfactory.  Perforated  sheet  brass,  known  to  the  trade 
as  No.  26  gage,  No.  1,  with  400  holes,  about  0.02-inch  in  diameter  per 
square  inch,  should  be  rolled  into  a  tube  slightly  smaller  than  the 
inside  diameter  of  the  perforated  pipe  (fig.  5  of  PL  I,  JL),  securely  sol- 
dered along  the  vertical  seam  and  shoved  inside  the  perforated  pipe, 
where  it  is  held  in  place  by  the  couplings  above  and  below.  It  is  largely 
protected  from  injurj'  and  can  be  withdrawn  and  cleaned  if  necessary. 
Such  a  well  point  is  shown  in  fig.  4  of  PI.  I,  A.  The  only  objection 
to  this  style  of  point  is  that  the  holes  in  the  outside  tend  to  fill  with 
sand  and  clay  when  the  pipe  is  pulled. 

JAGKSGREWS. 

The  jackscrews  for  pulling  pipe  should  be  strong,  of  at  least  32 
tons  capacity  each.  A  clamp  of  heavy  flat  iron,  a  pulling  ring,  and 
steel  wedges  or  dogs  with  notched  edges  should  be  provided  for  hold- 
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iiig  the  ring  in  place  when  the  pipe  is  being  pulled.     The  arrangement 
of  the  jackscrews,  etc,,  is  shown  on  PI.  Ill,  B. 

PLACING  WELL  POINTS  FOR  UNDERFLOW  TESTS. 

As  noted  above,  ordinary  well  points  are  driven  into  the  pervious 
strata  where  it  is  proposed  to  test  the  underflow. 

When  the  heavy  drivepipe  is  used  the  procedure  is  somewhat  dif- 
ferent. The  pipe  is  driven  by  machinery  to  bed  rock,  or  to  the  desired 
depth,  and  thoroughly  cleaned  from  sand,  silt,  etc.  A  length  of  well 
screen  similar  to  that  shown  in  fig.  4  of  PI.  1,  ^1,  is  screwed  to  a 
sufficient  length  of  li-inch  standard  pipe  and  lowered  to  the  bottom 
of  the  hole.  The  drivepipe  is  then  pulled  up,  leaving  the  well  screen 
and  li-inch  pipe  in  the  ground  with  the  screen  at  the  proper  depth. 
The  drivepipe  is  used  to  sink  another  well,  in  which  is  placed  another 
screen,  etc.,  until  all  the  well  screens  of  the  group  are  in  place.  The 
well  screens  and  small  pipe,  whether  set  by  the  first  or  the  second 
method,  now  form  part  of  the  testing  apparatus,  being  a  portion  of 
the  electric  circuit. 

TESTING   APPARATUS. 

The  various  instruments  at  first  used  in  testing  the  velocity  of 
underflow  were  made  from  designs  furnished  by  Prof.  Charles  S. 
Slichter.  The  modifications  of  the  original  apparatus  and  the 
methods  developed  are  the  result  of  several  months'  experimenting 
by  the  writer,  and  may  be  of  value  to  investigators  in  the  future. 

WIRE. 

The  wire  should  be  a  good  quality  of  rubber-insulated  copper,  about 
No.  14.  Single  wires  are  more  convenient  than  a  cable  or  a  twisted 
lamp  cord.  Care  must  be  used  and  the  wire  examined  occasionally  to 
see  that  the  insulation  is  not  worn  through,  for  if  it  is  there  will 
probably  be  a  short  circuit  between  the  well  casing  and  the  wire.  It 
should  be  kept  rolled  into  open  coils,  and  not  kinked  or  twisted,  as 
such  usage  tends  to  break  the  insulation. 

ELECTRODES. 

The  electrodes  are  brass  rods  from  one-fourth  to  five-sixteenths  inch 
in  diameter  and  about  4  feet  long,  usually  nickel  plated  (PI  IV). 
They  should  be  heavy,  of  solid  metal  throughout,  as  it  is  difficult  to 
sink  a  light  electrode  to  the  bottom  of  a  deep  well.  The  wire  should 
))e  attached  to  the  electrode  by  some  such  device  as  that  shown  in  fig.  8, 
this  being  necessary  in  deep  wells.  It  should  not  be  bent  or  kinked 
where  attached  to  the  electrode,  as  it  may  break  and  leave  the  elec- 
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tnxlp  ir)  the  bottom  of  the  well.     The  electrodes  are  insulated  fnini 

tho  well  casing  l>y  iiieanH  of  wooden  blocks  (see  fig.  8),  which  should 

be  boiled  in  paraffin  to  make  them  impervious  to  water.     The  eleo- 

frodes    will    need    frequent 
Top  Insulatoi-  ,    ..  .,  ,.  ,  ,, 

{  j  plating,  as  tbe  action  of  tht! 

=  3  electric  current  aad  of  the 

"  *  sal    ammoniac  quickly  cor- 

rodes the  nickel  coating. 

SWITCH   CLOCK. 

A  switch  clock  found  satis- 
factory in  actual  use  is  shown 
in  PI.  V.  It  is  an  ordinary 
eight-day  clock  with  electri- 
cal devices  added.  Themin- 
ute  hand  of  the  clock  carrie> 
a  steel  spring,  tipped  with 
platinum,  which,  atBre-min- 
uteinter\-als,  b  brought  into 
contact  with  platinum  strips, 
each  of  which  is  connect^Ml 
withaseparate  insulated  wirf 
passing  down  through  tlie 
,  j_  .       .  clock  case  and  thence  to  the 

I  ^  '  proper  binding  post.     Each 

1  contact  closes  a  circuit 

I  through  one  of  the  test  wells. 

The  platinum  strips  are  laid 
in  slits  cut  in  lugs  of  hard 
riib>wr.  The  strips,  the  pro- 
jection of  which  beyond  the 
edge  of  the  lug  is  adjustable, 
are  bold  in  place  by  screws 
which  pass  through  narrow 
slots.  The  hard-rubl)er  lugs 
are  j>ermanently  fastened  to 
the  clock  dial  by  screws  from 
the  back.  They  are  placed 
at  each  hour  on  the  dial  or  at 

"""'""  '"«!"■'»"'■  tiTe-minuteintervalHasmeas- 

In  operating,  the  spring  on  the  minute  hand  is  carried  over  the  hard- 
ruhVier  lug.  which  is  so  placed  that  the  spring  is  slightly  raised.  When 
the  tip  of  tbe  sprinf^  reaches  the  shiirp  edge  of  the  lug  it  suddenly 
snaps  down  on  the  platinum  strip  and  at  once  closes  tbe  circuit.     It  is 


r.i' 


iiAMLiN]  APPABATUS.  23 

pulled  across  the  platinum  strip  by  the  motion  of  the  i  nd  and  when 
it  reaches  the  edge  snaps  away  from  the  strip,  suddenly  opening  the 
circuit.  The  time  the  circuit  is  closed  can  be  regulated  by  adjusting 
the  width  of  the  strip.  Five  to  ten  seconds  is  about  the  proper  inter- 
val. It  is  important  that  the  circuit  be  opened  and  closed  suddenly, 
otherwise  the  recording  pen,  full  of  ink,  may  move  back  and  forth  on 
the  chart  several  times  and  probably  obliterate  the  record. 

The  current  from  the  positive  pole  of  the  battery  enters  the  clock 
at  one  of  the  binding  posts,  B^  C^  2>,  E^  etc. ,  and  passes  through  the 
insulated  wire  to  the  minute  hand,  thence  to  the  clock  frame  and  out 
to  the  binding  post  marked  A.  By  the  movement  of  the  minute  hand 
the  circuits  to  the  various  wells  are  progressively  closed.  The  twelve 
switches  on  the  dial  permit  of  thirty  hourly  records  with  four  lower 
wells  and  a  thirty-minute  interval  between  records,  as  shown  on  Pis.- 
V,  ^1,  and  VI,  J?,  or  of  records  at  intervals  of  twenty  minutes  with 
three  lower  wells  and  a  ten-minute  interval  between  records.  It  is 
also  evident  that  in  the  first  case  two  groups  of  wells,  or  in  the  second 
case  three  groups  of  wells,  can  be  tested  hourly  at  the  same  time, 
with  a  ten-minute  interval  between  tests. 

RECORDINO  AMPERE  METER. 

The  recording  ampere  meter  (PI.  VII,  A)  was  made  by  the  Bristol 
Company  from  designs  furnished  by  Prof.  Charles  S.  Slichter.  The 
instrument  keeps  a  continuous  record  for  twenty-four  hours,  after  which 
the  chart  must  be  changed.  The  chart  is  moved  at  a  uniform  rate  by 
clockwork.  The  recording  pen  is  actuated  by  the  electric  current 
sent  through  the  wells  at  fixed  intervals  by  the  switch  clock.  The 
electric  apparatus  is  very  simple,  consisting  of  a  stationary  solenoid 
through  which  the  current  passes.  A  thin  disk  of  soft  iron  is  attached 
to  a  nonmagnetic  shaft  which  passes  through  the  solenoid  and  is  sup- 
ported at  its  opposite  ends  by  steel  knife-edge  springs.  The  record- 
ing pen  is  secured  directly  to  the  steel  springs  and  partakes  of  its 
angular  motion  as  the  disk  is  attracted  by  the  solenoid.  The  result  is 
a  record  such  as  shown  on  PL  VI,  A  and  B. 

If  an  ordinary  ampere  meter  is  used  the  switching  must  be  done 
by  hand,  as  described  on  page  27. 

BATTERY. 

The  electric  battery  should  be  of  ample  capacity.  Dry  cells  known 
as  large-size  Columbia,  3i  inches  in  diameter  and  8  inches  high,  have 
been  found  satisfactory.  The  plan  and  wiring  of  the  Imttery  for  use 
with  a  recording  ampere  meter  only  are  shown  in  fig.  9,  and  for  use 
with  either  a  recording  or  ordinary  ampere  meter  are  shown  in  fig.  10. 
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The  battery  consists  of  12  large-sized  dry  cells  connected  in  set^  of 
two  in  parallel.  These  parallel  sets  are  connected  up  in  series,  and  by 
means  of  the  double-throw  switches  the  electromotive  force  of  tfa** 
batter}'  can  be  varied  from  1.5  to  9  volts,  iissuming  the  electromotivt? 
force  of  each  cell  to  be  1^  volts  when  new.  .  One,  two,  three,  or  more 
sets  of  two  cells  connected  in  parallel  can  be  used  in  one  series,  as  the 
case  requires,  or  if  necessary  either  side  of  the  battery  can  be  cut  out 
by  the  opening  of  one  of  the  single-throw  switches  marked  '^  A,  A'." 
An  ordinary  ampere  meter  should,  for  convenience,  be  placed  in  the 
battery  box.  Fig.  10  shows  such  a  battery  connected  up  to  a  group 
of  four  wells  and  arranged  for  use  with  an  ordinary  ampere  meter. 
The  switches  are  set  for  measuring  the  current  from  casing  of  well  B 
to  the  electrode  of  well  B,  with  two  sets  of  cells  in  series. 


0  1  J  J  1  « » 


Fig.  9.  Plan  of  test  wella  and  apparatus. 


METHOD  OF  MEASURING  THE  VELOCITY  OF  UNDERFLOW. 

An  outline  of  the  method  invented  by  Prof.  Charles  S.  Slichter  has 
been  described  on  page  11.  The  following  is  a  description  more  in 
detail  of  the  writer's  experience  during  several  months'  work  at  Los 
Angeles,  Cal.  An  attempt  has  been  made  to  describe  the  difficulties 
encountered  and  the  methods  developed  during  the  progress  of  the 
work. 

PUMPING. 

After  all  the  test  wells  have  been  sunk,  as  described  on  page  11,  it 
is  necessary  before  l>eginning  a  test  to  take  a  small  sand  pump  and 
thoroughly  clean  the  inside  of  the  well  points  from  sand  and  silt,  and 
then  pump  water  from  each  well  until  it  dears.  A  small  hand  pump 
which  can  be  readily  moved  from  well  to  well  is  convenient  for  this 
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purpos^e.  Puinpinj^  is  often  a  tedious  job,  as  the  screens  become 
clogged  with  silt  and  mud.  In  such  cases  a  few  buckets  of  clear 
water  poured  down  the  well  will  often  open  up  the  screen.  Another 
way  is  to  occasionally  break  the  vacuum  in  the  pump  and  let  the  water 
in  the  pipe  fall  back  suddenly.  When  these  methods  fail,  success  may 
be  attained  by  rotating  the  pipe  with  a  pair  of  tongs  and  at  the  same 
time  pouring  clear  water  down  the  well. 

If  some  of  the  wells  pump  freely  and  the  rest  will  not  start,  it  is 
almost  certain  that  the  screens  are  clogged,  and  if  all  else  fails  they 
may  be  allowed  to  stand  a  day  or  two.  If  none  of  the  wells  can  be 
started,  or  after  starting 
continue  to  pump  fine 
sand  and  mud,  the  test 
may  as  well  be  aban- 
doned, for  in  such  cases 
the  velocity  will  be  too 
low  to  measure  by  this 
method.  Testing  should 
not  be  begun  for  a  few 
hours  after  pumping,  in 
order  to  allow  the  water 
plane  to  rise  to  its  normal 
level. 

WIRING. 

The  next  step  is  to 
wire  the  wells.  There 
are  several  ways  in  which 
this  may  be  done,  de- 
pending on  the  kind  of 
electrical  instruments 
used.  If  a  rei^ording 
ampere  meter  is  used, 
the  wiring  should  be  as 
shown  in  fig.  9.  A  wire 
is  run  from  the  positive  pole  of  the  batteiy  to  the  casings  of  lower 
wells  B,  C,  D,  E,  etc.,  all  of  which  may  be  connected  by  soldering 
the  wire  to  the  galvanized  casing  of  each,  thus  insuring  good  con- 
nections. A  wire  is  connected  to  the  electrode  for  each  well  and 
run  to  the  proper  binding  post  on  the  switch  clock;  the  electrodes 
should  then  be  lowered  to  the  bottoms.  From  the  positive  binding 
post  of  the  switch  clock  a  wire  is  run  to  the  recording  ampere  meter, 
and  from  the  ampere  meter  to  the  negative  pole  of  the  battery. 
An  ordinary  ampere  meter  (in  the  battery  box)  is  put  in  the  circuit  to 
check  the  record  of  the  recording  instrument. 


Fio.  10.  Plan  of  test  wells  and  api>aratU8. 
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The  current  recorded  is  that  which  passes  through  the  wat^r 
lietween  the  casing  of  the  wells  and  the  electrode  at  the  bottom  of  the 
well. 

Tlie  t-ons^tructionof  the  clock^  recording  ampere  meter,  battery,  et< .. 
Ls  de'-^.-rifK.Hl  on  pages  21  to  24. 

If  an  ordinary  ampere  meter  is  used  the  wiring  will  be  quite  differ- 
ent, as  all  switching  must  lie  done  by  hand.  A  battery  arranged  for 
such  a  testing  and  the  wiring  of  a  group  of  wells  is  shown  in  fig.  1*  . 
A  wire  should  l>e  run  from  the  proper  binding  posts,  marked  A,  B.  C 
D,  and  E.  of  the  battery  to  the  casing  of  the  corresponding  wells,  and 
another  from  the  binding  posts,  marked  B',  C,  D\  E',  of  the  battery 
to  the  electrodes  of  the  corresponding  wells.  The  battery  is  so  wire*.! 
that  when  the  switches  A  and  B  are  closed,  the  ampere  meter  indicat<>^ 
the  amount  of  current  flowing  through  the  ground  from  the  casing  <»f 
well  B  to  the  casing  of  well  A.  When  the  switches  B  and  B'  (fig.  l"i 
are  closed,  the  ampere  meter  indicates  the  amount  of  current  flow- 
ing through  the  water  from  the  casing  of  well  B  to  the  electrode  of 
well  B.  After  all  the  wiring  is  done,  the  correctness  of  the  varioiL-- 
connections  should  l>e  tested.  If  the  circuit  through  one  of  the  well> 
is  closed  and  the  electrode  lifted  out  of  the  well,  the  ampere- 
meter needle  should  fall  back  to  zero,  for  raising  the  electrode  out 
of  the  well  opens  the  circuit.  On  the  other  hand,  if  the  casing  of  the 
well  is  touched  with  the  electrode,  a  strong  deflection  of  the  needle 
should  be  noted.     By  these  tests  an  error  in  wiring  may  be  detected. 

GHABGING  WELL  A. 

After  all  the  connections  have  been  made  and  tested,  a  new  chart 
should  be  placed  in  the  recording  ampere  meter,  and  the  apparatus 
allowed  to  run  for  an  hour  or  so,  to  get  a  record  of  the  weUs  before 
well  A  is  charged. 

Various  methods  of  charging  wells  have  been  tried,  and  the  follow- 
ing has  finally  been  adopted.  The  electrolyte  used  is  sal  ammoniai- 
(NH^Cl).  This  should  be  placed  in  a  small  wooden  or  paper  tub  (it 
rusts  iron  quickly)  and  enough  water  poured  on  to  cover  it.  A  bucket 
of  perforated  sheet  brass,  similar  to  that  used  for  the  inside  screen  of 
the  well  points,  about  4  feet  long  and  small  enough  to  readily  slip 
down  the  inside  of  the  well  pipes,  should  be  provided.  This  should  be 
placed  in  the  tub  of  wet  sal  ammoniac  and  filled  with  water  and  the  salt 
by  means  of  a  funnel  and  dipper.  The  water  will  drain  away  into  the 
tub  and  leave  the  wet  sal  ammonia  filling  the  bucket,  which  should  at 
once  be  lowered  to  the  bottom  of  the  well. 

It  is  difficult  to  get  a  Imcket  of  dry  sal  ammoniac  down  a  deep  well 
on  account  of  the  contained  air.  In  addition,  the  escaping  air  causes 
the  formation  on  the  water  of  a  sticky  foam,  which  is  carried  down  bv 
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the  next  bucket  and  clogs  the  screen.  The  experiment  of  jwuring  a 
hot  satunited  solution  of  sal  ammoniac  down  the  well  pipe  was  tried, 
but  was  condemned.  It  will  either  crystallize  out  when  the  water  cools 
and  leave  the  pipe  filled  solidly  with  the  salt,  or,  if  the  strata  be  per- 
vious, will  be  forced  through  to  the  lower  wells  almost  immediately. 
In  any  case,  imdissolved  sal  ammoniac  should  not  be  poured  down  a 
well,  as  it  is  almost  impossible  to  clean  it  out  for  the  next  test. 

The  following  rule  is  now  observed  in  charging  wells:  Put  down 
one  bucket  of  wet  sal  ammoniac  every  fifteen  minutes  for  two  hours, 
then  one  bucket  an  hour  for  six  hours.  Of  course,  if  at  any  time  the 
electrical  instruments  show  that  the  sal  ammoniac  has  reached  the 
lower  wells,  charging  should  be  stopped  at  once. 

DETERMINATION  OF  VELOCITT  OF   UNDERFLOW. 

When  recording  instruments  are  used,  it  is  only  necessary  to  exam- 
ine them  occasionally  to  ascertain  when  the  sal  ammoniac  reaches  the 
lower  wells.  Its  arrival  is  indicated  by  an  increased  deflection  of  the 
recording  pen,  as  shown  by  the  chart  in  PI.  VI,  A.  When  the  velocity 
is  great  the  deflection  is  sudden,  but  when  it  is  low  the  increase  is  not 
so  marked.  When  there  is  no  underflow  the  deflection  of  the  pen 
remains  the  same  throughout  the  test,  as  shown  in  PI.  VI,  B. 

When  an  ordinary  ampere  meter  is  used,  the  circuits  to  the  various 
wells  must  be  closed  by  hand  at  frequent  intervals,  varying  from  ten 
minutes  to  two  hours,  depending  on  the  velocity  of  underflow.  When 
it  is  probable  that  the  velocity  is  great,  readings  must  be  made  often; 
but  if  no  flow  is  detected  for  two  or  three  hours,  the  time  between 
observations  may  be  longer.  The  ampere  meter  must  be  read  and  the 
time  and  readings  recorded  in  a  notebook.  From  the  notes  an  ampere 
curve  should  be  platted  (fig.  11),  from  which  an  estimate  of  the  velocity 
of  flow  can  be  made.  The  sudden  rise  in  the  curve  indicates  the 
arrival  of  the  sal  ammoniac  at  the  lower  well.  This  rise  is  primarily 
due  to  the  fact  that  the  solution  of  water  and  sal  ammoniac  is  a  better 
conductor  of  electricity  than  is  water  alone,  and  when  this  solution 
flows  into  and  mingles  with  the  pure  water  in  the  well,  the  rise  in  the 
current,  due  to  lessened  resistance,  can  at  once  be  noted. 

The  time  of  passage  of  the  solution  from  well  A  to  one  of  the  lower 
wells  is  usually  calculated  from  the  hour  when  charging  was  begun  to 
the  hour  when  the  rising  ampere  curve  reverses,  or,  in  other  words, 
at  the  point  of  the  maximum  rate  of  increase  in  the  ampere  curve. 
This  method  corrects  for  the  diffusion  or  spread  of  the  sal  ammoniac 
in  the  water  and  for  the  error  due  to  the  fact  that  the  water  in  the 
upper  well  can  not  be  charged  quickly. 

The  distance  between  the  wells  being  known  and  the  time  of  passage 
of  the  solution  having  been  noted,  it  is  a  simple  matter  to  compute  the 
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velocity  or  rate  of  flow.  This  may  be  expressed  in  any  unit  of  IDea^- 
iire  desired.  In  this  report  the  rate  of  flow  is  expressed  in  feet 
per  da}'. 

When  wells  have  been  sunk  with  the  heavy  drivepipe,  as  described 
on  page  21,  and  the  well  screens  inserted,  the  first  test  will  evidently 
l>e  at  )>ed  rock,  or  at  the  bottom  of  the  hole.     After  the  completion  of 
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the  first  tost,  the  pipe  may  be  pulled  up  the  length  of  the  screens  and 
another  test  made.  This  pulling  up  and  testing  may  be  continued  to 
the  level  of  the  water  table  if  desirable. 

When  well  points  are  driven  by  hand,  it  is  best  to  drive  into  the 
first  stratum  below  the  water  table,  test  it,  and  then  drive  deeper,  con- 
tinuing the  process  as  far  as  necessary. 
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COMPUTA  riOXS  OF  DISCHARGE. 

In  a  given  section  wide  differences  in  the  velocity  of  underflow  are 
to  be  expected,  due  to  the  various  factors  on  which  flow  depends,  such 
as  slope  of  the  water  table,  porosity,  relative  size  of  the  sand  grains, 
temperature,  etc.  It  is  evident  that  if  the  actual  percentage  of  the 
open  spaces  or  voids  between  the  particles  of  sand  and  gravel  of  each 
square  foot  of  a  measured  section  was  known,  and  the  average  velocity 
at  which  water  flows  through  the  ground  had  been  measured,  it  would 
be  possible  to  compute  the  amount  of  water  passing  a  given  line  dur- 
ing a  fixed  interval  of  time;  moreover,  no  further  data  would  be 
necessarv. 

The  difficulties  met  with  when  an  attempt  is  made  to  compute  the 
discharge  from  a  section  should  be  clearly  set  forth. 

Natural  sands,  as  dug  from  pits  or  the  bed  of  a  stream,  consist  of 
grains  of  different  sizes  and  shapes.  Such  sand  weighs  more  per  unit 
of  volume,  as  per  cubic  foot,  than  any  of  the  various  grades  of  sand 
sifted  from  the  same  bed  and  having  grains  of  nearly  uniform  size. 
This  proves  that  the  natural  sands  contain  a  less  percentage  of  voids, 
or,  in  other  words,  the  porosity  is  less,  than  that  of  the  sorted  sands. 

Experiments  made  by  Prof.  F.  H.  King"  show  that  the  porosity  of 
unsorted  sands  from  the  Tujunga  washes  in  San  Fernando  Valley,  Los 
Angeles  County  (see  fig.  12),  varies  from  31.42  to  42.28  per  cent. 
The  effective  diameter  of  the  sand  grainy  was  ascertained  to  range 
between  0.05542  and  0.4289  millimeters.     The  same  writer  says: 

It  appears  to  be  generally  true  that  well-rounded  grains  of  nearly  uniform  diameter 
tend  to  give  a  pore  space  which  lies  between  32  and  40  per  cent.  The  mean  theo- 
retical pore  space  for  spherical  grains  of  a  single  size  is  36.795  per  cent,  and  this  is 
very  close  to  the  mean  observed  limit  for  the  more  simple  sands  of  rounded  grains. 

A  sample  of  coarse  sand  from  Arkansas  River  Valley  was  tested  by 
G.  W.  Stose  in  the  following  manner: 

After  being  thoroughly  dried  it  was  saturated  with  water,  and  the  quantity  of 
water  received  was  determined  by  weighing.  The  vessel  containing  it  was  then 
punctured  at  the  bottom,  so  as  to  permit  the  water  to  drain  away,  and  after  a  lapse  of 
several  days  the  loss  of  water  was  determined  by  another  weighing.  It  was  then 
found  that  the  sand  had  received  29  per  cent  of  its  volume  of  water,  but  afterwards 
parted  with  only  one-third  of  the  water  received,  equivalent  to  10  per  cent  of  the 
whole  volume  of  sand.  ^ 

Both  of  these  samples  had  been  removed  from  the  original  beds. 
The  experiments  show  the  probable  range  of  porosity  in  clean  sand 
of  moderatelv  imiform  size. 

Prof.  Charles  S.  Slichter  states  that  "the  porosity  of  quartz  sand 
will  usually  vary  between  30  and  40  per  cent,  and  that  of  clay  loams 

a  King,  F.  H.,  Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2, 1899,  p.  212. 
b Gilbert,  Q.  K.,  Seventeenth  Ann.  Rept.  U.  S.  Oeol.  Soryey,  pt.  2, 1896,  p.  600. 
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between  40  and  50  per  cent,  depending  upon  the  variety  of  sizes»  in 
the  mixture  and  the  manner  of  packing  the  particles. '^^ 

Very  little  is  known  regarding  the  porosity  of  naturally  depositel 
and  undisturbed  beds  composed  of  coarse  gravels^  coarse  and  fine  i^nd. 
and  silt.  Theory  indicates  that  such  beds,  having  been  deposited  by 
the  action  of  running  water,  or  by  the  waves  and  currents  of  the 
ocean,  are  far  less  porous  than  sands  of  uniform  size,  the  sorting 
action  of  the  water  tending  to  pack  the  material  as  closely  as  possible. 

It  is  usual  to  assume  that  the  porosity  of  sand  is  about  33  per  cent, 
and  if  the  grains  are  rounded,  of  nearly  uniform  size,  and  free  from 
silt,  the  assumption  is,  without  doubt,  about  correct. 

The  actual  porosity  in  each  case  must  be  known  before  any  reliable 
computation  of  discharge  can  be  made.  Concerning  this  factor.  Pro- 
fessor Slichter  says: 

If  two  samples  of  the  same  sand  are  packed,  one  sample  so  that  its  porosity  i(<  2H 
per  cent  and  the  other  sample  so  that  its  porosity  is  47  per  cent,  the  flow  throogh 
the  latter  sample  will  be  more  than  seven  times  the  flow  through  the  former  sample. 
If  the  two  samples  of  the  same  sand  had  been  packed  so  that  their  porositiea  had 
been  30  and  40  per  cent,  respectively,  the  flow  through  the  latter  sample  would  have 
been  2.6  times  the  flow  through  the  former  sample.  These  facts  should  make  clear 
the  enormous  influence  of  porosity  on  flow,  and  the  inadequacy  of  a  formula  of 
flow  which  does  not  take  it  into  account.  & 

Evidently  beds  which  consist  of  a  mixture  of  bowlders,  cobblestones, 
fine  sand,  and  silt  will  have  a  less  percentage  of  voids  than  graded 
sand.  No  flow  can  occur  through  bowlders  or  cobblestones,  and  if 
they  make  up  50  per  cent  of  the  volume,  and  the  intervening  spaces 
are  filled  with  sand  and  silt  of  graded  sizes,  there  is  certainly  far  less 
than  33  per  cent  of  voids  in  the  mass.  How  much  less  must  be 
determined  by  experiment. 

It  is  exceedingly  difficult  in  underflow  tests  to  come  to  any  satisfa*'- 
tory  conclusion  regarding  the  porosity  of  the  various  beds.  This  i> 
due  to  the  almost  insurmountable  difficulties  in  collecting  representa- 
tive samples  of  the  material  penetrated.  If  the  testing  is  done  with 
a  small-size  drive  pipe,  2  to  4  inches,  all  the  coarse  material  must  be 
excluded,  because  it  is  impossible  to  get  it  into  the  pipe  or  to  the  sur- 
face. When  the  material  is  very  coarse,  it  is  obviously  necessary  to 
dig  a  well  or  shaft,  or  put  down  a  large  bore  well,  12  inches  or  more 
in  diameter.     Both  methods  have  decided  limitations. 

It  is  impracticable,  by  any  reasonable  expenditure  of  money,  to  dig 
a  well  much  below  the  level  of  the  water  table.  If  a  large-bore  well 
is  sunk,  material  below  the  water  table  must  be  brought  to  the  surface 
in  a  sand  bucket.  The  continual  churning  of  the  sand  bucket  under 
water  washes  the  fine  silt  and  mud  out  of  the  sand  and  mixes  it  with 

a  Slichter,  Charles  S.,  The  motions  of  ground  water:  Water-Sup.  and  Irr.  Paper  No.  67,  V.  S.  Geol. 
Survey.  1902,  p.  17. 
6  Slichter,  Charles  S.,  Nineteenth  Annual  Beport  U.  S.  Qeol.  Survey,  pt.  2, 1809,  p.  828. 
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the  water  in  the  well.  This  mixture  of  mud  and  water  is  partly  bailed 
out  with  each  bucket  partly  filled  with  sand.  How  much  silt  is 
washed  out  by  the  water  at  any  particular  point  is,  of  course,  impos- 
sible to  say,  but  if  one  will  catch  the  muddy  water  from  the  sand 
bucket  and  let  it  settle  he  will  be  convinced  that  it  is  usually  no  small 
amount.  No  one  can  tell  exactly  at  what  depth  or  how  much  of  the 
sand  contains  silt.  It  is  entirely  possible  that  a  bed  of  clay  or  silt  a 
foot  or  more  thick  may  be  entirely  mixed  with  the  water  in  the  well 
and  no  evidence  of  its  presence  be  shown  unless  the  driller  notes 
that  the  water  is  more  muddy  than  usual. 

The  writer  has  seen  samples  of  sand  taken  from  wells,  carefully 
washed,  cleaned  from  all  silt,  clay,  etc.,  and  then  bottled  up  and  exhib- 
ited as  water  sand.  Any  estimate  of  discharge  based  on  such  samples 
is  utterly  misleading. 

Samples  are  often  collected  by  catching  the  sand,  etc.,  brought  up 
by  a  h3^draulic  rig.  Of  course  these  samples  are  thoroughly  washed. 
In  porous  gravel  the  wash  water  used  in  hydraulieking  continually 
tends  to  flow  away  from  the  well,  being  under  great  pressure.  That 
it  carries  the  fine  material  near  the  hole  away  with  it  is  proved  by  the 
fact  that  the  sinking  of  the  wash  water  when  drilling  in  gravel  can 
often  be  prevented  by  pouring  clay  down  the  well,  which  soon  fills  the 
voids  in  the  surrounding  gravel. 

The  hyditiulic  and  drive-pipe  method  of  sinking  test  wells  has  one 
great  advantage  over  the  sand  bucket,  in  that  the  presence  of  a  bed  of 
clay  or  silt  is  shown  at  once  by  the  muddy  water  which  rises  to  the 
surface  through  the  drive  pipe.  The  depth  at  which  such  beds  occur 
can  by  this  means  be  ascertained. 

Another  uncertain  factor  is  the  unknown  horizontal  extent  of  the 
pervious  beds.  It  can  only  be  assumed  that  they  extend  from  station 
to  station,  and  in  regions  where  the  pervious  beds  have  been  deposited 
by  torrential  streams  this  assumption  may  lead  to  error,  such  gravel 
beds  often  being  in  the  form  of  long  trains  of  coarse  material,  the 
buried  channel  of  the  stream,  and  not  in  a  wide  extended  sheet  as 
supposed  by  many.  To  correct  for  this  uncertainty,  it  is  obviously 
necessary  to  sink  test  wells  at  close  intervals  along  the  cross  section. 

There  is  much  uncertainty  regarding  the  weight  to  be  given  velocity 
measurements.  As  a  rule  the  velocities  recorded  are  the  maximums. 
Suppose  test  wells  are  set  4  feet  in  a  pervious  stratum,  the  upper  two 
feet  of  which  is  composed  of  coarse  sand  2  millimeters  in  diameter, 
the  lower  two  feet  composed  of  fine  sand  0.4  millimeter  in  diameter, 
with  a  pressure  gradient  of  10  feet  per  mile.  As  computed  from 
tables  prepared  by  Prof.  Charles  S.  Slichter, «  the  velocity  of  flow  in 
the  upper  bed  will  be  at  the  rate  of  5,386  feet  per  year,  and  in  the 

a  Slichter,  Charles  S.,  The  motion  of  undeigroond  water:  Water-Sup.  and  Irr.  Paper  No.  67,  U.  S. 
Qeol.  Survey,  1902,  p.  2V. 
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lower  bed  at  the  rate  of  216  feet  i)er  year.  In  the  first  instance  thL^  i< 
at  the  rate  of  14.75  feet  per  day,  and  in  the  second  at  the  rate  of  0.51^— 
foot  per  day. 

If  the  test  well8  are  spaced  4  feet  apart  the  chemicals  used  in  charg- 
ing the  upper  wells  should  pass  through  the  coarse  stratum  and  reaeii 
the  lower  well  in  about  six  and  one-half  hours,  while  it  w  ill  take  at^iut 
one  hundred  and  sixty-two  and  five-tenths  hours  for  the  same  chemical 
charge  to  reach  the  lower  well  through  the  fine  stratum.  In  such  a 
case,  the  salt  passing  from  the  upper  bed  would  enter  the  lower  well 
and  cause  a  sudden  rise  in  the  current,  as  recorded  by  the  instrumentN. 
The  sal  ammoniac  in  solution,  being  much  heavier  than  the  ground 
w^ater  alone,  will  settle  and  fill  the  lower  well.  There  is  no  doubt  but 
that  the  result  is  correct  for  the  upper  2  feet,  but,  as  the  lower  well  is 
full  of  the  solution  of  sal  anunoniac,  there  will  be  no  means  of  ascer- 
taining when  the  charge  from  the  lower  stratum  reached  the  welL  even 
if  the  test  should  be  continued  for  six  and  three-fourths  days,  whit-h 
is  highly  improbable.  It  is  in  fact  impossible  to  knoiv,  in  testing 
material  naturally  deposited,  whether  the  flow  is  thi-ough  the  whole 
section  tested  or  through  one  or  two  thin  strata.  The  only  practical 
method  is  to  use  short  well  points  and  test  the  ground  at  each  few  feet 
in  depth. 

The  most  promising  field  for  this  method  of  testing  underflow  is  in 
regions  where  the  pervious  formations  are  uniform  in  composition  and 
texture  throughout  wide  areas,  and  where  the  water  table  is  not  sub- 
ject to  great  fluctuations  in  level.  If  testing  in  mountainous  regions 
or  in  the  debris  cones  of  torrential  streams  is  attempted,  the  testing 
stations  should  be  close  together  and  tests  made  at  many  points  and  at 
various  depths,  to  eliminate  as  much  as  possible  the  inaccuracies  due 
to  varying  texture  and  porosity  of  the  formations. 

:BABTS  of  IX>S  AI^GEIiES  RIVEB. 

The  drainage  basin  of  Los  Angeles  River  has  an  area  of  approxi- 
mately 502.5  square  miles. 

The  principal  eastern  tributaries  of  this  stream  rise  on  the  west 
slopes  of  San  Gabriel  Mountains  and  flow  down  to  San  Fernando 
Valley  in  deep  rocky  canyons  which  have  been  eroded  in  the  granitic 
rocks  of  the  range  (see  fig.  12).  These  streams  are  torrents  during 
the  rainy  season,  but  dwindle  to  mere  rivulets  in  the  summer.  When 
in  flood  they  transport  a  vast  amount  of  detritus,  sand,  gravel,  and 
bowlders  to  the  plain  below,  and  have  buried  the  old  drainage  lines 
across  the  east  end  of  San  Fernando  Valley  beneath  extensive  detritus 
cones,  into  which  the  surface  streams  sink  except  in  times  of  extraor- 
dinary floods. 

The  western  tributaries  of  Los  Angeles  River  rise  in  Santa  Susanna 
Mountains,  which  bound  San  Fernando  Valley  on  the  north,  and  in 
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Santa  Monica  Mountains  on  the  south.  These  streams  are  small, 
i"arelv  reachinsf  the  eastern  end  of  the  vallev.  They  flow  over  sand- 
stones,  shales,  clays,  etc.,  and  are  strongly  impregnated  with  alkaline 
salts,  in  strong  conti^ast  to  the  pure"  water  from  the  granitic  range  to 
the  east. 

After  flowing  southerly  in  a  broad  underground  channel  beneath 
the  detritus  in  the  east  end  of  San  Fernando  Valley,  the  water  of 
Los  Angeles  River  is  deflected  easterly  by  the  impervious  rocks  of 
Santa  Monica  Mountains.  This  barrier,  taken  together  with  the  con- 
traction of  the  underground  channel,  so  obstructs  the  free  percolation 
below  that  much  of  the  ground  water  rises  and  flows  as  a  surface 
stream  again. 


EiMma: 
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Fio.  12.— Drainage  basin  of  Loa  Angeles  River. 

After  rounding  the  eastern  end  of  Santa  Monica  Mountains  the 
river  flows  through  a  region  of  low,  rolling  hills  in  a  valley  which  is 
about  2i  miles  across  at  the  widest  place  and  narrows  to  half  a  mile  at 
Los  Angeles,  6  miles  below.  This  valley  was  formerly  deeper  than  at 
present,  and,  in  common  with  San  Fernando  Valley  above,  has  been 
partially  filled  with  river  detritus,  which  near  the  mountains  is  very 
coarse  but  becomes  fine  and  contains  beds  of  sand  and  silt  toward 
the  south.  The  gradual  change  from  coarse  to  fine  material  in  con- 
nection with  the  contraction  of  the  underground  channel  without 
doubt  causes  the  rise  of  ground  water  along  this  6-mile  section  of  the 
river.  At  the  mouth  of  the  Arroyo  Seco  a  marked  change  occurs  in 
the  character  of  the  stream  detritus.  This  stream  is  steep-graded  and 
torrential,  heading  on  the  precipitous  slopes  of  San  Grabriel  Mountains 
(see  fig.  12).     After  leaving  the  mountains  it  flows  in  a  canyon  cut 
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»cro8s  the  hill  country  to  it«  junction  with  Los  Angeles  River.  It 
i.iirries  bowlders,  course  j;ravvls,  and  sand  into  the  river  valley,  and  it" 
wide-spreading  df-bris  cone  at  the  mouth  of  the  canyon  has  forceJ 
Los  Angeles  River  to  the  southwest  side  of  the  old  ^-alley.  There  is 
evidence  that  this  d<5bris  cone  was  once  more  extensive  than  now,  and 
it  without  doubt  then  acted  as  a  barrier  to  the  flow  of  the  river,  thus 
perhaps  accounting  in  a  measure  for  the  fine  material  in  the  \'alley 
immediately  above.  About  2  miles  below  Huron  street  the  river 
flows  out  on  an  alluvial  plain  and  the  surface  stream  soon  siok-s. 

Lower  Los  Angeles  River,  extending  from  Huron  street  12  miles 
northwesterly,  being  supplied  by  underground  water,  is  remarkably 
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Yia.  18.— Underflow  UrU  at  itatlDn  1. 
uniform  in  its  discharge,  little  difference  being  noted  throughout  the 
year.     The  entire  surface  and  part  of  the  underflow  is  diverted  by  the 
city  of  Los  Angeles  for  domestic  use  and  irrigation. 
TESTS  IN  1902. 
The  following  preliminary  tests  were  made  in  Los  Angeles  River 
valley   during   Septem})cr  and   October,   1SK)2.     The  tests  made  at 
stations  1  and  2  were  mainly  for  the  purpose  of  adapting  the  apparatus 
to  local  conditions. 

STATIONS   AND   RESULTS, 

Station  1  is  in  Los  Angeles  Riverbed,  at  the  Los  Felis  road  bridge, 
near  Huron  street  (see  fig.  21).     A  group  of  well  points  was  driven 
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by  hand  to  a  depth  of  11  feet.  The  velocity  of  the  underflow  was  27 
feet  per  day  between  3  feet  and  11  feet,  and  the  movement  wa»  S.  SO"-  E., 
or  away  from  the  surface  Btream,  which  was  actually  losing  water  at 
tbb  point.  Later  the  water  table  was  found  to  slope  in  the  direction 
indicated  by  the  underflow.  The  order  of  the  strata,  record  of  the 
wells,  and  the  velocity  me&surements  at  this  tttation  are  shown  in  fig. 
13.  Sixty-five  feet  to  the  east  of  this  station  another  group  of  well 
points  was  driven  to  a  depth  of  11  feet  and  tested  between  3  feet  and  11 
feet,  but  no  underflow  was  detected.  They  were  then  driven  to  a 
depth  of  19  feet,  and  tested  between  11  feet  and  19  feet,  with  the  aame 
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result.  As  these  were  driven  wells  no  samples  were  collected,  but  the 
material  appeared  to  lie  fine  silt  except  near  the  surface,  where  it  was 
somewhat  sandy,  and  it  is  probable  that  the  underflow  at  station  1 
was  through  this  top  stratum. 

In  August  and  September,  1903,  the  Southern  Pacific  Railroad  Com- 
pany dug  pits  for  bridge  piers  in  the  river  bed  about  1<>0  feet  east  of 
this  point.  The  material  penetrated  was  mainly  mud  and  silt,  with  a 
few  irregular  .«eams  of  .«and.  Only  the  sand  beds  were  water  benrinjj; 
they  are  from  2  to  4  inches  thick. 

Station  '2  is  oti  the  west  side  of  the  river,  1  mile  above  the  Huron 
street  section,  as  shown  in  fig.  12.     A  group  of  well  points  was  driven 
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)>y  hand  to  r  depth  of  9i  feet,  and  a  totst  made  )>etween  li  feet  and  9i 
feet,  showing  the  direction  of  the  underflow  to  be  8.  5'-'  E.,  velocity 
5  feet  per  day.  No  samples  of  the  strata  pierced  were  collected,  but 
the  amountof  water  pumped  indicated  that  the  ground  was  not  porous. 
The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  measnre- 
mente  are  shown  in  fig.  14. 

The  testing  apparatus  was  then  moved  upstream  to  San  Fernando 
Valley,  where  the  conditions  of  underflow  and  the  extent  of  the  ground 
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Fra.  15.— Underflow  UM*  »t  station  S. 

water  have  bocn  thoroughly  studied.  The  object  of  these  tests  was  to 
determine,  if  pos-sible,  the  relation  of  the  slope  of  the  water  table  to 
the  direction  and  velocity  of  the  underflow. 

Station  3  is  on  the  east  bank  of  Tiijunga  Wash,  near  its  junction 
with  Los  Angeles  Itiver,  a.s  shown  in  fig.  12.  A  group  of  well  points 
was  driven  by  hand  to  a  depth  of  lii  feet,  and  a  te.st  made  between 
6i  feet  and  14i  feet,  where  the  direction  of  the  underflow  was  S.  23 
E.,  velocity  17  feet  per  day.  The  wells  were  then  driven  deeper  and 
a  test  made  between  14i  feet  and  22^  feet,  but  no  underflow  could  be 
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detected.  No  samples  were  collected.  The  underflow  appeared  to  be 
alon^  the  gfavel  beds  id  the  bottom  of  the  wash. 

The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  lucas- 
urements  are  shown  in  Rg.  15. 

Station  4  is  on  the  east  bank  of  Tujunga  Wash,  as  shown  in  fig. 

12,     A  group  of  well  points  was  here  driven  by  hand,  and  a  teat  made 

between  t>i  feet  and  14J  feet,  where  the  direction  of  the  underflow 

was  S.  13^  E,,  velocity  H  feet  per  day.     These  wells  were  driven 
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Pia.  16.— Underaow  UsU  at  station  4. 

deeper,  and  a  test  was  made  as  at  station  3,  but  no  underflow  could 
I)e  detected.  The  order  of  the  strata,  record  of  the  wells,  and  the 
velocity  measurements  are  shown  in  Qg.  16. 

Station  5  is  on  Los  Angles  River,  near  the  road  from  Burbank 
to  Cahuenga  Pass,  as  shown  in  fig.  12.  A  group  of  well  points  was 
here  driven  by  hand  to  a  depth  of  34^  feet,  and  a  test  made  between 
26^  feet  and  34i  feet,  where  the  direction  of  the  underflow  was  S.  40*^ 
E.,  velocity  48  feet  per  day.  The  water  from  this  depth  rose  to  a 
point  6  feet  above  the  surface,  and  it  is  possible  that  the  high  velocity 
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was  caused  by  leakage  upward  around  the  casing,  which  drew  the 
charged  water  toward  the  well.  Borings  were  made  with  a  ^inch 
auger  at  this  station.  The  order  of  the  strata,  record  of  the  welU, 
and  the  velocity  measurements  are  shown  in  fig.  17. 

Station  6  is  in  Tujunga  Wash,  south  of  the  road  from  Burbank  to  Ca- 
huenga  Pass,  as  shown  in  fig.  12.  Thia  group  of  wells  was  driven  to 
a  depth  of  16  feet,  and  a  test  made  between  8  feet  and  16  feet,  where 
the  underflow  was  N.  75*^  E.,  velocity  3^  feet  per  day.  Borings  were 
made  with  a  2-inch  auger  at  this  station.    The  order  of  the  strata^ 
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Fio.  17.— Underflow  tests  at  station  5. 


record  of  the  wells,  and  the  velocity  measurements  are  shown  in 
fig.  18. 

Station  7  is  on  the  left  bank  of  Los  Angeles  River,  1  mile  south  of 
Burbank,  at  the  mouth  of  a  broad  sandy  wash  (see  fig.  12).  This 
group  of  wells  was  driven  by  hand  to  a  depth  of  8  feet,  and  a  tei?t 
made  between  5  feet  and  8  feet,  where  the  direction  of  the  underflow 
was  due  east,  velocity  2i  feet  per  day.  The  underflow  was  away 
from  the  surface  stream,  and  the  slope  of  the  water  table  was  after- 
wards found  by  leveling  to  be  in  the  direction  indicated  b}'  the  under- 
flow. The  order  of  the  strata,  record  of  the  wells,  and  the  velocity 
measurements  are  shown  in  fig.  19. 
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Station  8  b  od  the  left  liank  of  Los  Angples  River,  1  mile  south  of 
Bur>>aQk,  at  the  mouth  of  a  sandy  wash  (see  fig.  liJ).  This  group 
of  wells  was  driven  by  hand  to  a  depth  of  9  feet,  and  a  test  made 
between  1  foot  and  9  feet,  where  the  underflow  was  found  to  be  N. 
fiC^  E.,  velocity  6.4  feet  der  day.  The  order  of  the  strata,  record  of 
the  wells,  and  the  direction  of  the  underflow  are  shown  in  fig.  20. 

Theso  tests  indicate  that  in  general  the  underflow  is  in  the  direction 
of  the  greate'jt  slope  of  the  water  table,  although  there  are  marked 
variations.  No  relation  could  be  traced  between  the  slope  of  the  water 
table  and  the  velocity  of  the  underflow.  The  conclusion  drawn  from 
the  few  tests  made  was  that  the  underflow  tends  to  follow  the  most 
Log  or  weil  Underflow  tests 
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FiQ.  IS.— Underfloo  teits  at  station  6. 

pervioas  strata,  even  if  the  extension  of  these  beds  varies  considerably 
from  the  general  slope  of  the  water  table.  The  maximum  velocities 
are  also  found  in  such  strata. 

TESTS  AT  HURON  STREET  IN  1903. 

Extensive  tests  were  made  at  the  narrows  of  the  Los  Angeles  River 
along  Huron  street,  Los  Angeles,  Oal.,  in  190.S  (see  Hg.  21).  This 
locality  will  l)e  spoken  of  as  the  Huron  street  section.  It  was  selected 
for  the  following  reasons: 

(1)  In  1896  the  city  drilled  several  test  wells  to  bed  rock,  furnishing 
valuable  data  regarding  the  cross  section  of  the  pervious  gravel  beds. 
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(2)  The  city  water  commissioners  are  now  driving  a  tunnel  in  bed  rock 
beneath  the  river  channel,  beginning  about  half  a  mile  south  of  Huron 
street,  to  extend  entirely  across  the  valley  (see  fig.  12).  It  is  the 
intention  in  the  future  to  drill  wells  through  the  pervious  gravels  and 
the  bed  rock  above  the  tunnel  and  by  perforating  them  draw  off  the 
percolating  ground  water  through  the  tunnel  and  pump  it  to  the  citv 
reservoirs.  It  was  believed  that  the  amount  of  water  intercept^i  by 
the  tunnel  would  give  an  approximate  check  on  the  accuracy  of  the 
ground- water  measurements. 

(3)  The  locality  is  near  shops  at  which  tools  and  machiner\'  could  be 
repaired,  or  manufactured  if  necessary. 
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Fig.  19.— Underflow  tests  at  station  7. 

The  surface  profile  of  Huron  street  and  the  cross  section  of  the  per- 
vious gmvels  below  are  shown  in  fig.  22.  The  points  marked  station 
1  and  stations  9  to  16  on  both  map  and  profiile,  figs.  21  and  22,  repre- 
sent groups  of  test  wells  sunk  by  the  United  States  Geological  Survey. 
The  points  numbered  1-7  represent  test  wells  sunk  by  the  city  of  Los 
Angeles  in  1896,  and  the  wells  numbered  8-22  represent  house  wells  in 
the  vicinity.  The  underground  cross  section  was  platted  from  the 
information  supplied  by  the  various  test  wells  and  house  wells  in  the 
vicinit3\  This  representation  of  the  underground  conditions  is  necessa- 
rily incomplete,  but  no  additional  information  is  obtainable  at  present. 
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Attention  is  called  to  the  fact  that  the  pervious  beds  of  sand  and 
gravel  in  this  section  (fig.  22)  fall  into  two  distinct  groups,  the  lower 
and  most  westerly  filling  the  bottom  of  the  old  channel  of  Los  Angeles 
River.  The  easterly  group  is  without  doubt  the  thinning  edge  of  the 
Arroyo  Seco  debris  cone.  This  is  proved  by  the  fact  that  the  cx>arse 
debris  from  the  Arroyo  Seco  can  be  traced  directly  to  this  place.  The 
terrace  at  the  east  end  of  the  section  is  also  composed  of  the  same 
material. 

The  tests  of  underflow  point  to  the  conclusion  outlined  above;  in  the 
lower  gravel  bed  the  direction  of  the  underflow  is  down  the  general 
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Fio.  20.~Underflow  tests  at  station  8. 

trend  of  the  river  valle}',  as  shown  by  the  arrows  on  the  map  at  sta- 
tions 1  and  9-11;  while  at  stations  12, 13, 14, 15,  and  16  the  divergence 
from  the  trend  of  the  valley  is  very  marked — in  fact,  at  station  15  the 
flow  at  present  is  up  Los  Angeles  River  Valley. 

It  is  probable,  however,  that  this  reversion  of  the  flow  is  due  to  the 
rise  of  the  water  table  in  the  Arroyo  Seco  debris  cone.  Normallj^  the 
underflow  is  probably  from  Los  Angeles  River  down  the  slope  of  the 
water  table,  as  indicated  by  the  broken  contours  in  fig.  21,  which  show 
the  slope  of  the  water  table  in  December,  1902,  while  the  dotted  con- 
tours show  the  slope  in  June,  1903,  the  change  being  due,  as  above 
noted,  to  the  floods  of  the  Arroyo  Seco.     The  portions  of  the  cross 
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section  where  meaMumbIc  velocities  were  observed  arc  diagonally 
cross  hatched.     The   rest  of   the  section   appears  to   be   practically 
impervious. 
The  depths  at  which  the  various  tests  were  made  and  the  direction 


Fio.  21.— Hapol  BnKin  ntreetand  rlpEnlty,  Vnbmlieii  lines  »Te  nutftce  contnun  nhowtng  uifx^- 
raphr:  bruken  llnea  ihow  form  of  water  (able  Id  December,  1902^  dotled  linea  ihow  form  of  water 
UblelnJuue,  ISDS. 

and  velocity  of  the  underflow  measured  are  shown  in  figs.  23-30. 

Attention  is  called  to  the  general  ^reetneot  in  the  slope  of  the 
water  table  and  direction  of  the  underflow. 


Fto.  12.— Hnron  ilreet  crom  lecUoii. 
STATIONS   AND   RESULTS. 


The  first  test  made  was  at  station  9  (tig.  21),  just  above  station  I.  A 
group  of  well  points  was  driven  with  a  hand  rig  and  tested  between 
15  feet  and  23  feet.  The  direction  of  the  underflow  was  S.  30^  E,, 
parallel  with  the  surface  stream,  velocity  77  feet  per  day.     The  well 
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poiots  were  then  driven  deeper  and  a  test  made  between  22  feet  and 
30  feet,  where  the  direction  of  the  underflow  waa  S.  30°  E.,  velocity 
20.8  feet  per  day.  The  order  of  the  strata,  record  of  the  wells,  and 
the  velocity  measurements  are  shown  in  fig.  23. 

The  ampere  curve  of  the  second  test  at  this  station  is  shown  in  fig. 
11,  a.     It  illustrates  what  form  of  curve  may  be  expected  with  high 
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Fig.  23.— Underdov  tests  at  station  9. 

velocities  and  shows  that  observations  at  intervals  of  a  few  minutes  ■ 
must  be  taken  to  correctly  delineate  such  a  curve.  This  is  an  extreme 
case,  however.  A  test  well  was  sunk  by  the  hydraulic-jetting  method 
here  and  the  record  of  the  wells  is  based  on  the  material  washed  out 
of  the  drivepipe.  The  pipes  broke  when  it  was  attempted  to  drive 
them  beyond  about  30  feet  and  no  deeper  testa  were  made. 
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Station   10   h  on  the  left  bank  of  the  river,  as  shown  in  fig.  21. 
This  group  of  wells  was  sunk  with  a  btmd  rig,  using  the  heavy  drive- 
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pipe  described  on  page  15.     The  first  test  was  made  between  41  feet 
and  49  feet.     The  direction  of  the  underflow  was  S.  60°  E.,  velocity  7 
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feet  per  day.  It  should  be  noted  that  the  flow  wa«  probably  through 
the  stratum  between  46  feet  and  50  feet.  Tests  were  afterwards 
made  betweeen  33  feet  and  41  feet,  between  25  feet  and  33  feet,  and 
between  17  feet  and  25  feet,  but  no  underflow  was  detected.     The 
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Fig.  25.— Underflow  testa  at  station  11. 


material  washed  out  of  the  drivepipe  also  indicated  that  the  ground 

was  practically  impervious.     The  order  of  the  strata,  record  of  the 

wells,  and  the  velocity  measurements  at  this  station  are  shown  in  fig.  24. 

Station  11  is  between  the  Southern  Pacific  Eailroad  and  Avenue  20, 
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88  uhown  in  &g.  21.  One  well  of  this  group  wa^  sunk  witii  the  hand- 
rig  Hnd  the  I'est  by  the  well-driving  macfainery,  as  described  on  page 
12.  The  first  test  was  made  between  tt5  feet  and  103  feet,  but  the 
result  was  uncertain,  the  final  conclusion  being  that  there  waa  no 
underflow  at  this  depth.  Other  testa  were  made  between  87  feet  and 
95  feet,  between  79  feet  and  87  feet,  between  71  feet  and  79  feet,  and 
between  63  feet  and  71  feet,  but  no  underflow  could  be  detected.  The 
water  from  63  feet  to  101  feet  was  heavily  charged  with  Bulphureted 
hydrogen.     A  test  was  then  tnade  between  55  feet  and  63  feet. 

Lo(f  or  well  Underflow  test* 
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The  direction  of  the  underfiow  was  S.  30°  E.,  velocity  10  feet  per 
ilay.  Another  test  was  made  between  49  feet  and  67  feet.  The  direc- 
tion of  the  underflow  was  due  south  and  the  velocity  10  feet  per  day. 
This  was  followed  bj-  a  teat  between  41  feet  and  49  feet,  where  the 
direction  of  the  underflow  was  S.  30°  E.,  velocity  16  feet  per  day. 
The  next  tsst  was  between  33  feet  and  41  feet,  where  the  direction  of 
the  underflow  was  S.  30°  W.,  velocity  20  feet  per  day.  Two  more 
tests  were  made,  one  between  25  feet  and  33  feet  and  another  be- 
tween 17  feet  and  25  feet,  but  no  underflow  was  detected.    The  order 
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of  the  strata,  record  of  the  wells,  and  the  velocity  measurements  at 
this  station  are  shown  in  fig.  25.  The  wide  divergence  in  the  direc- 
tion of  the  underflow  at  this  station,  amounting  to  60  %  indicates 
that  the  water  follows  the  most  open  strata. 

Station  12  is  at  the  intersection  of  Huron  street  and  Avenue  22,  as 
shown  in  fig.  21.  Tests  were  made  between  63  feet  and  71  feet,  between 
53  feet  and  61  feet,  between  44  feet  and  52  feet,  and  between  35  feet 
and  43  feet,  but  no  underflow  was  detected.  The  next  test  was  made 
between  27  feet  and  35  feet,  where  the  direction  of  the  underflow  was 
S.  15^  W.,  velocity  48  feet  per  day,  and  also  S.  75°  W.,  velocity  48 
feet  per  day,  the  underflow  here  apparently  being  through  two  porous 
strata  in  which  the  directions  of  movement  diverge  60°.     The  last 
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Fig.  27.— Underflow  tests  at  station  13. 


test  was  made  between  20  feet  and  27  feet,  where  no  underflow  was 
detected.  The  order  of  the  strata,  record  of  the  wells,  and  the  velocity 
measurements  are  shown  in  fig.  26.  Below  50  feet  the  water  was 
impregnated  with  sulphureted-hydrogen  gas. 

Station  13  is  at  the  corner  of  Huron  street  and  Avenue  26,  as  shown 
in  tig.  21.  A  test  was  made  between  38  feet  and  46  feet,  where  the 
direction  of  the  underflow  was  S.  15^  W.,  velocity  68  feet  per  day. 
The  next  test  was  between  30  feet  and  38  feet,  where  the  direction  of 
the  underflow  was  S.  15^  W.,  and  the  velocity  20  feet  per  day.  The 
last  test  was  between  24  feet  and  30  feet,  where  the  direction  of  the 
underflow  was  S.  45^  W.,  velocity  3.4  feet  per  day.  The  order  of 
the  strata,  record  of  the  wells,  and  the  velocitv  measurements  are 
shown  in  tig.  27.     Attention  is  called  to  the  westerly  direction  of  the 
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underflow,  due,  without  doubt,  to  the  influeace  of  the  rising  water 
table. 

Station  14  is  at  the  crossing  of  Huron  street  and  River  street,  as 
shown  in  tig.  21.  The  first  test  was  between  44  feet  and  52  feet,  where 
the  direction  of  the  underflow  was  S.  75^  W.,  velocity  48  feet  per 
day.  The  next  test  was  between  36  feet  and  44  feet,  where  the  direc- 
tion of  the  underflow  was  S.  75°  W.,  velocity  32  feet  per  day.     The 
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top  of  the  well  screen  being  at  about  the  level  of  the  water  plane 
before  the  rise  due  to  the  floods  of  the  Arroyo  Seco,  it  was  decided  to 
leave  the  pipes  in  the  ground  and  test  the  direction  and  velocity  of  the 
underflow  as  tlie  water  table  gradually  falls.  That  it  will  fall  is  proved 
by  the  fact  that  the  wells  above  are  now  lowering  at  about  1  foot  per 
week.  The  order  of  the  strata,  record  of  the  wells,  and  the  velocity 
measurements  are  shown  in  fig,  28. 
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Station  15  is  at  the  eastern  termination  of  Huron  street,  as  shown 
in  lig.  21 .    The  first  teat  was  made  between  45  feet  and  47  feet,  but 
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no  underflow  was  detected.     A  test  was  then  made  between  42.5  feet 
and  44.5  feet,  where  the  direction  of  the  underflow  was  N.  76°  W., 
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velocity  (>  feet  per  day.    The  next  test  was  between  40  feet  and  42 
feet,  where,  the  direction  of  the  underflow  was  N.  75'-'  W.,  velocitr 
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3, 5  feet  per  day.  Another  test  was  made  between  38  feet  and  40  feet, 
where-  the  direction  of  the  underflow  was  N.  75°  W.,  velocity  3.4  feet 
per  duy.     The  last  te-st  was  made  between  36  feet  and  38  feet,  where 
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the  direction  of  the  underflow  was  N.  75^  W.,  velocity  11  feet  per  day. 
The  order  of  .the  strata,  record  of  the  wells,  and  the  velocity  measure- 
ments are  shown  in  fig.  29. 

Station  1,6  is  north  of  Huron  street,  between  Avenue  20  and  Avenue 
22,  as  shown  in  fig.  21.  Tests  were  made  between  62  feet  and  56  feet 
and  between  49  feet  and  52  feet,  but  no  underflow  was  detected.  The 
next  test  was  made  between  45  feet  and  49  feet,  where  the  under- 
flow was  S.  22°  W.,  velocity  4  feet  per  day.  Tests  were  then  made 
between  41  feet  and  45  feet,  between  37  feet  and  41  feet,  between  33 
feet  and  37  feet,  and  between  29  feet  and  33  feet,  but  no  underflow  was 
detected.  A  test  was  then  made  between  25  feet  and  29  feet,  where  the 
direction  of  the  underflow  was  S.  8°  E.,  velocity  96  feet  per  day. 
The  last  test  was  made  between  21  feet  and  25  feet,  but  no  underflow 
was  noted  here.  The  order  of  the  strata,  record  of  the  wells,  and  the 
velocity  measurements  are  shown  in  fig.  30. 

Attention  is  directed  to  the  probability  of  this  well  having  pene- 
trated both  pervious  areas  in  the  Huron  street  cross  section,  as  shown 
in  fig.  22.  All  the  ground  tested  here,  except  the  two  beds  in  which 
underflow  was  detected,  seemed  to  be  close-textured  and  practically 
impervious. 

DISCHARGE  AT  HURON   STREET. 

Owing  to  the  reversal  in  the  normal  direction  of  underflow,  by  the 
floods  of  the  Arroyo  Seco,  it  is  not  possible  to  estimate,  except  very 
approximately,  the  quantity  of  ground  water  passing  the  Huron  street 
section.  The  observed  facts  are  here  presented,  from  which  engineers 
may  draw_4iheir  own  conclusions  regarding  the  tests  and  value  of  the 
computations  submitted. 

The  western  and  lower  gravel  bed,  shown  on  the  cross  section,  fig. 
22,  has  a  cross-sectional  area  of  approximately  17,000  square  feet,  and 
the  upper  and  eastern  gravel  bed  has  a  cross-sectional  area  of  about 
30,700  square  feet  below  the  water  plane  of  1896.  These  figures  are 
based  on  the  results  of  the  underflow  tests,  and  on  the  assumption 
that  all  the  cross  section  where  flow  was  not  detected  has  a  velocity 
of  underfow  of  1  foot  per  day.  The  outline  of  the  pervious  sections 
was  sketched  from  station  to  station. 

The  average  of  all  the  velocities  observed  in  the  w^estern  gravel  bed 
is  20.6  feet  per  day,  and  the  porosity  is  assumed  to  be  25  per  cent. 
Using  this  data,  the  discharge  from  this  portion  of  the  section  should 
be  17,000X20.6X0.25=87,550  cubic  feet  per  day.  This  discharge 
should  be  reduced  by  about  20  per  cent  to  correct  for  the  obliquity  of 
flow  across  the  section,  87,550x0.8=70,040  cubic  feet,  or  524,000 
gallons  per  day,  in  round  numbers. 
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The  average  of  all  the  velocities  observed  in  the  eastern  gravel  bed 
is  30.9  feet  per  day.  If  it  is  assamed  that  under  normal  conditions 
the  height  of  the  water  table  is  represented  by  the  line  marked  1S9»> 
in  fig.  22,  the  area  of  the  cross  section  through  which  flow  tskes 
place  will  be  30,700  square  feet.  The  slope  of  the  water  table  was 
not  radically  different  in  1896  (the  assumed  normal  condition)  from 
what  it  was  in  1903,  when  the  underflow  tests  were  made,  but  the 
direction  of  the  flow  in  the  eastern  end  of  the  section  was  deflected 
nearly  or  quite  90  degrees  from  the  normal.  It  is  assumed  that  since 
the  degree  of  slope  of  the  water  table  at  these  two  periods  is  approxi- 
mately the  same,  the  velocity  of  underflow  was  not  radically  different. 
Under  normal  conditions,  the  direction  of  flow  makes  an  angle  of 
about  30  degrees  with  the  line  of  Huron  street.  The  computed  dis- 
charge has  been  multiplied  by  0.50,  the  sine  of  30  degrees,  to  correct 
for  the  obliquity  in  the  direction  of  the  flow.  The  porosity  is  here 
assumed  to  be  25  percent,  as  before.  The  discharge  from  this  portion 
of  the  section  should  then  be  30,700x30.9x0.25x0.5=118,578  cubic 
feet,  or  889,000  gallons  per  day,  in  round  numbers. 

Although  no  flow  was  detected  in  the  rest  of  the  cross  section^ 
between  the  water  table  and  bed  rock,  it  can  not  be  entirely  impervi- 
ous, and  it  is  assumed  that  the  average  velocity  is  1  foot  per  day. 
This  is  certainly  a  maximum,  as  many  tests  were  continued  lon<r 
enough  to  detect  as  low  a  velocity  as  this. 

If  the  average  porosity  is  assumed  to  be  25  per  cent  as  above^  and 
the  average  direction  of  underflow  is  at  an  angle  of  30  degrees  with 
Huron  street,  the  discharge  from  this  section  should  be  60,000x1  X 
0.25X0.60=7,500  cubic  feet  per  day,  or  56,000  gallons,  in  round  num- 
bers. 

The  total  computed  discharge  from  the  Huron  street  section  will 
then  be  196,118  cubic  feet  per  day,  or  2.27  cubic  feet  per  second. 

The  city  tunnel  has  now  been  driven  1,163  feet  under  the  river  bed, 
one-fourth  mile  below.  This  tunnel  yields  about  7  second-feet  when 
pumped  for  a  short  time  at  intervals  of  a  few  days.  The  supply  from 
the  tunnel  has  so  far  been  drawn  from  the  water  stored  in  the  gravels 
in  the  immediate  vicinity,  pumping  not  having  as  yet  been  continued 
long  enough  to  demonstrate  what  the  gravel  beds  will  yield. 

COST  OF  TESTS  AT  HURON   STKEBT. 

The  following  table  shows  the  average  cost  of  testing  underflow  at 
Los  Angeles,  Cal.,  for  a  period  of  two  months,  using  the  well-drilling 
machinery  and  testing  apparatus  described  in  this  report: 
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CosL.  of  underflow  teUa  at  Huron  street,  Los  Angdes,  Oal.,  from  May  14  to  July  14,  190S. 


Testing. 


Well  driUer 
Laborers . . . 

CJook 

Observer. . . 
Sabsistenoe 

Repairs 

Chemicals.. 

Fuel 

Supervision 

Total 


Total 
expenees 

for  2 
months. 

Driving 
pipe. 

Pulling 
pipe. 

$150 

100 

70 

150 

120 

40 

30 

8 

150 

$96 
64 
40 

$22 
14 
10 

50 

28 

20 
6 

6 
60 

2 
30 

818 

344 

104 

$32 
22 
20 

150 

60 

6 

30 


60 


370 


Pipe  driven,  989  feet;  cost  per  foot,  $0,348. 

Pipe  pulled,  929  feet;  cost  per  foot,  $0,111. 

Total  number  of  underflow  tests,  16;  cost  per  test,  $23,126. 

Total  average  cost  per  test,  including  driving,  pulling,  etc.,  $61,125. 

The  well-drilling  machinery  described  was  constructed  in  Los 
Angeles  from  designs  furnished  the  foundry  men  and  from  machinery 
purchased  at  local  supply  houses. 

Cost  of  weU-driUing  ma4:kvnery. 

Cost  of  drilling  rig  in  Los  Angeles $870. 00 

Two  hundred  linear  teet  of  3Tinch,  double,  extra-heavy  drive  pipe,  with 
taper-joint  couplings,  at  $4  per  foot 800. 00 

Total : 1,670.00 

SUMMARY. 

The  following  suggestions  are  based  on  the  experience  gained  during 
the  work  at  Huron  street  and  in  the  San  Fernando  Valley: 

(1)  The  location  of  the  section  where  it  is  proposed  to  test  the  under- 
flow should  be  carefully  studied.  It  should  be,  if  possible,  in  a  straight 
stretch  of  the  valley,  and  at  some  distance^  either  up  or  down,  from 
large  tributary  streams. 

(2)  The  form  and  slope  of  the  water  table  should  be  ascertained  and 
the  line  of  test  stations  placed  most  advantageously. 

(3)  In  order  to  secure  accurate  results,  the  testing  stations  should 
be  close  together  along  the  line  of  the  section. 

(4)  The  well  screens  should  be  short  and  the  ground  should  be 
tested  at  each  2  to  4  feet  in  depth,  down  to  bed  rock  when  possible. 
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(5)  If   possible,   the    porosity  of    the    pervious    beds    should   be 
determined. 

(6)  When  making  deep  tests  some  form  of  drive  pipe  and  screen 
such  as  described  on  the  preceding  pages  should  be  used. 

(7)  Recording  ampere  meter  and  switch  clocks  should  be  used. 
The  discharge  from  a  given  section  will  undoubtedly  be  far  less 

than  anticipated,  the  popular  tendency  being  to  greatly  overestimate 
the  amount  of  underflow.  Even  if  the  results  attained  by  this  method 
of  testing  are  not  as  accurate  as  desired,  they  are,  nevertheless,  of 
great  value,  as  they  enable  investigators  to  compute,  approximately, 
what  could  only  be  roughly  estimated  before. 
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Ampere  cunree,  figure  showing 28 

Ampere  meter,  description  of 23 

plate  showing 26 

Apparatus,  plan  of  test  wells  and,  figures 

showing 24,26 

Apparatus  and  methods,  discussion  of 11-32 
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Chopping  bit,    description   of   and   figure 

showing 18 
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Cost  of  tests,  table  showing 53 

Derrick,  description  of 19 

Discharge,  computations  of 29 

Drilling  rig,  description  of 13 

Drilling  rig  and  machinery,  plates  showing.  14, 16 
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figure  showing 17 
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figure  showing 16 

Drive  shoe,  description  of  and  figure  show- 
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ing        12 

Electrodes,  description  of 21-22 

figure  showing 22 

plate  showing 20 

Engine,  description  of 14 
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sas River  Valley 29 

Ground  water,  definition  of 9 

flow  of,  method  of  measuring 24-28 

velocity  of,  method  of  determining 10-11 

Hammer,  description  of 17-18 

figure  showing 18 
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Jackscrews,  description  of 20 

use  of,  plate  showing 16 

Ring,  F.  H.,  on  pore  space  in  sands 29 

Los  Angeles  River,  basin  of,  description  of.  32-34 

basUi  of,  map  showing 33 

Machine  drilling,  description  of 13-14 
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Meter,  ampere,  description  of 23 

plate  showing 26 

Methods  and  apparatus,  discussion  of 11-32 

Pipe.    See  Driveplpe. 

Points,  well,  description  of 20 

method  of  driving,  plate  showing 12 

plate  showing 12 

Pump,  description  of 15 

Pumping,  use  of,  in  determination  of  veloc- 
ity of  underflow 24-25 

Recording  charts,  plate  showing 24 

Recording  ampere  meter,  description  ol . . .       23 

plate  showing 26 

Rig,  description  of 13 

plate  showing 14 

Rods,  wash,  description  of 18 

Shoe,  drive,  description  of  and  figure  show- 
ing         16 

Slichter,  C.  S.,  on  motions  of  underground 

waters 9, 11 

on  porosity  of  quartz  sand 29 

Stose,  G.  W.,  test  by 29 

Switch  clock,  description  of 22-23 

plate  showing 22 

Swivel,  water,  description  of  and  figure 

showing 19 

Table,  water.    See  Water  table. 

Tests,  description  of 34-54 

Test  wells,  location  of 11-12 

plan  of  apparatus  and,  figures  showing.  24, 25 

Testing  apparatus,  description  of 20-24 

Underflow,  amount  of,  computations  of . . .       29 

method  of  measuring 24-28 

velocity  of,  method  of  determining 10-1 1 

Underflow  tests,  methods  and  apparatus 

used  in 11-52 

Velocity  of  underflow,  method  of  determin- 
ing   10-11 

Wash  rods,  description  of 18 

Water,  ground.    See  Ground  water. 
Water  table,  character  of  and  fluctuations 

in 10 

Water  swivel,  description  of  and  figure 

showing 19 

WeU-drilllng  machinery,  cost  of 53 

Well-drilling  rig,  description  of 13 

WeU-drilllng,  rig  and  machinery  for,  plates 

showing 14, 16 

Well  points,  description  of 20 

method  of  driving,  plate  showing 12 

plate  showing 12 

Wells  test,  location  of 11-12 

Wire,  description  of 21 

Wiring,  description  of,  in  determination  of 

underflow. 25-26 
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